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The Illinois Agricultural Pesticides Conference is an annual program presented for anyone 
in agriculture who uses or recommends the use of pesticides in a crop pest management 
program. The conference promotes the proper, timely, and wise use of pesticides within 
an integrated crop management system. The program is presented by the University of 
Illinois at Urbana-Champaign, College of Agriculture, the Cooperative Extension Service, 
and the Illinois Natural History Survey. We gratefully acknowledge the assistance of the 
Illinois Department of Agriculture, the Illinois Environmental Protection Agency, the 
Illinois Fertilizer and Chemical Association, and the Illinois Agricultural Aviation 
Association in planning and staging the program.
This publication contains summaries of the presentations made at the Illinois Agricultural 
Pesticides Conference on the dates indicated on the front cover. Many of these summaries 
are research reports that are intended to bring you the latest research information about 
agricultural pest control. Some of the chemicals discussed in the summaries are not 
registered for use by the public and thus are not intended as recommendations. The 
Illinois Agricultural Pest Control Handbook contains suggestions for using registered 
pesticides. The use of trade names does not imply or constitute an endorsement by the 
University of Illinois, nor does it imply discrimination against other products.
Statements made in the summaries within this manual are the responsibility of the author 
or the institution he or she represents. Reproduction and publication of these summaries 
are permitted only with the approval of the author.
The Illinois Cooperative Extension Service promdes equal opportunities in programs and 
employment.
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Program —  Wednesday, January 5
lllini Rooms B, C, and South Lounge
Wednesday Morning Session
Kevin Steffey Presiding
10:00 a.m. Welcome
10:05 Understanding Herbicide Mode of 
Action, Aaron Hager
10:20 Managing Herbicide-Resistant Weeds, 
Loyd Wax
10:40 Pesticide Interactions, Kent Harrison 
10:55 Herbicide Degradation, Jerry Sims
The Flood of 1993
11:10 Overview of the Flood of 1993, Chet 
Boruff
11:20 Effects of the Flood on Pests and Pesticides:
Weeds and Herbicides, Bill Simmons
Insects and Insecticides, Tom Royer
Plant Pathogens, Walker Kirby
11:50 Effects of the Flood on Soil Conditions,
John Siemens
12:05 p.m. What to Expect from the Heavens in '94, 
Steve Hollinger
12:20 Lunch
ix
First Wednesday Afternoon Session
Tom Royer Presiding
1:20 p.m. Control of Perennial Weeds in Southern 
Illinois, George Kapusta
1:35 Control of Perennial Weeds in Northern
Illinois, David Feltes
1:50 Rootworms and Risk: Has the Threat
Been Exaggerated? Mike Gray
2:05 Corn Nematode Management, Dale
Edwards
2:20 The Future of Soil Insecticides in the Corn
Belt, Marlin Rice
2:35 Gray Leaf Spot of Corn, Steve Coates
2:50 Integrating Biological Control into
Farming Systems, Doug Landis
3:05 Variety Selection for Control of Sudden
Death SyndromeSoybeans, Paul Gibson
3:20 Break
New Developments from Industry
Dale Baird Presiding
3:35 p.m. DowElanco, Joe Pafford
3:43 United Agri Products, John Pickle
3:51 BASF, Mike McKeague
3:59 Valent, Alan Kurtz
4:07 Rhone Poulenc, Bill Striegel
4:15 FMC, Dan Hopper
4:23 Cedar Chemical, Luis Figuerola
4:31 DuPont, Larry Tapia
4:39 Monsanto, Bill Parker
4:47 American Cyanamid, Fred Arnold
4:55 Sandoz, Gary Schmitz
5:03 Zeneca, John Thieme
5:11 Ciba, J.R. James
5:19 Miles, Joe Bruce
5:27 Adjourn to Mixer
Mixer
Ballroom, Illini Union 
5:27 p.m. to 7:00 p.m.
This mixer is sponsored by the Illinois Fertilizer and 
Chemical Association and is intended for you to 
meet the speakers, sponsors, and committee mem­
bers in an informal atmosphere. If you have any 
questions for the speakers who made presentations 
today or if you just want to visit with friends, please 
stop by.
Program —  Thursday, January 6
Illini Rooms B, C, and South Lounge
First Thursday Morning Session
George Czapar Presiding
8:00 a.m. Corn Hybrid Response to Corn Root- 
worm Injury, Kevin Steffey
8:15 Using Economic Thresholds for Weed
Management in Illinois, George Czapar
8:30 Foliar Diseases of Corn and Fungicide
Thresholds, Lindsey du Toit
8:45 Adjuvants to Improve Herbicide Perfor­
mance, Marshal McGlamery
9:00 Application of Post Emergence Herbi­
cides with Minimum Drift, Loren Bode
9:15 Influence of Water Characteristics on
Spraying, Jim Garvin
9:30 Weed Control for No-Till and Lo-Till,
Ellery Knake
9:45 Compliance with Worker Protection
Standards, Tom Walker
10:00 Break
Water Quality Issues
Mike Roegge Presiding
10:15 a.m. Monitoring Cyanazine in the Waverly 
Lake, Mt. Olive Lake, and Otter Lake 
Watersheds in Central Illinois, John Peter
10:30 Intensive Monitoring for Atrazine in
Selected Illinois Public Water Supplies, 
Dennis Tierney
10:45 Pesticides in Illinois' Public Water 
Supplies: A Year of Compliance Monitor­
ing, A.G. Taylor
x
11:00 Complying with the New Atrazine Label: 
A Producer's Experience
3:50 Pesticides in Soils at Agrichemical 
Facilities in Illinois, Ivan Krapac
11:15 Complying with the New Atrazine Label: 
An Applicator's Experience, Rich 
Vanderpool
4:05 Pesticides in Soil Materials at 
Agrichemical Facilities: What Is "Con­
tamination?" William Roy
11:30
11:45
Buffer Strips and Alternatives for Atra­
zine, Ron Hines
Addressing Concerns about Herbicides
4:20 Site Assessments and Remediation 
Alternatives for Agrichemical Facilities, 
Mike Barnhardt
12:00
and Water Quality, David Pike 
noon Lunch
4:35 Adjourn
First Thursday Afternoon Session
Doug Rushing Presiding
1:15 p.m. Wheat Diseases in 1993, Suzanne 
Bissonnette
1:30 Insecticide Evaluation in Illinois: Where 
We've Been, Where We're Going, John 
Shaw
Pesticide Container Issues
1:45 Proposed Federal Pesticide Container and 
Containment Regulations, Janice King 
Jensen
2:00 Cross-Contamination of Bulk and 
Minibulk Pesticide Containers, Doug 
Rushing
2:15 Container Recycling in Illinois, Warren 
Goetsch
2:30 Container Management Trends for the 
1990s, John Hester
2:45 Break
Second Thursday Afternoon Session
Warren Goetsch Presiding
3:00 p.m. Legislative and Regulatory Update, 
Gerald Kirbach
3:15 New Injection and Closed Handling 
Systems, Bob Wolf
Agrichemical Facility Site Contamination Study
3:30 Introduction and Background, Warren 
Goetsch
3:35 Pesticides in Well Water and Groundwa­
ter at Agrichemical Facilities in Illinois, 
Warren Goetsch
Pesticide Applicator Training for Field Crop 
and Demonstration nd Research Pest 
Control Categories
Room 314, lllini Union 
7:00 p.m. Thursday Evening
Concurrent training sessions for the field crop and 
research and demonstration pest control categories 
will be offered.
A person desiring to become certified as an applica­
tor must first take and pass the General Standards 
examination before taking any of the applicator 
category examinations. However, there will be no 
training for the General Standards examination. 
Manuals and handout material will be available.
Pesticide Applicator Examinations
Room 314, lllini Union
8:00 a.m. -12:00 noon, Friday, January 7
Written examinations for all commercial pesticide 
applicator pest control categories will be offered. 
General Standards examinations will also be avail­
able. A person may take as many examinations as he 
or she can complete during the allotted time. A 
passing score of 70 percent is required on both the 
General Standards and category examinations in 
order to become a certified applicator. Allow about 
an hour to take each examination. Exams can be 
started at any time between 8:00 and 11:00 a.m.
XI
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Coates, Steve. Graduate Student, Department of 
Plant Pathology, University of Illinois, Urbana, IL
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Cooperative Extension Service, Springfield, IL
du Toit, Lindsey. Graduate Student, Department of 
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sor of Plant Pathology, Department of Plant Pathol­
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Kapusta, George. Professor of Weed Science, Depart­
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University, Carbondale, IL
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Field Operations, Bureau of Environmental Pro­
grams, Illinois Department of Agriculture, Spring­
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Kirby, Walker. Extension Specialist and Associate 
Professor of Plant Pathology, University of Illinois, 
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Knake, Ellery. Extension Specialist and Professor of 
Weed Science, Department of Agronomy, University 
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xu
Knepp, Curt. Executive Vice President, Sun Ag Inc., 
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Krapac, Ivan. Associate Geochemist, Illinois State 
Geological Survey, Champaign, IL
Kurtz, Alan. Field Marketing Development Special­
ist, Valent U.S.A. Corporation, West Des Moines, IA
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Entomology, Michigan State University, East Lan­
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Peter, John. Research Associate, DuPont Agricultural 
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Grower Service Companies, Madison, WI
Pike, David. Agronomist, Weed Science, Department 
of Agronomy, University of Illinois, Urbana, IL
Rice, Marlin. Associate Professor of Entomology, 
Department of Entomology, Iowa State University, 
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Roegge, Mike. Extension Educator, Crop Systems, 
Edwardsville Extension Center, Illinois Cooperative 
Extension Service, Edwardsville, IL
Roy, William. Geochemist, Illinois State Geological 
Survey, Champaign, IL
Royer, Tom. Extension Educator, Integrated Pest 
Management, Edwardsville Extension Center, Illinois 
Cooperative Extension Service, Edwardsville, IL
Rushing, Doug. Environmental Affairs Manager, 
Monsanto Agricultural Company, West Des Moines, 
IA
Schmitz, Gary. Product Development Representa­
tive, Sandoz Crop Protection Corp., Mahomet, IL
Shaw, John. Senior Research Specialist in Agricul­
ture, University of Illinois and Illinois Natural 
History Survey, Champaign, IL
Siemens, John. Extension Specialist and Professor of 
Agricultural Engineering, Department of Agricul­
tural Engineering, University of Illinois, Urbana, IL
Simmons, Bill. Associate Professor of Soil Manage­
ment, Department of Agronomy, University of 
Illinois, Urbana, IL
Sims, Jerry. USDA/ARS Microbiologist, Department 
of Agronomy, University of Illinois, Urbana, IL
Steffey, Kevin. Extension Specialist and Professor, 
Office of Agricultural Entomology, University of 
Illinois and Illinois Natural History Survey, Cham­
paign, IL
Striegel, Bill. Field Research and Development 
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Agricultural Products Department, I.E. DuPont de 
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Taylor, A.G. Agriculture Adviser, Illinois Environ­
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Thieme, John. Senior Technical Service Representa­
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County Service Company, Easton, IL
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ment of Agriculture, Springfield, IL
Wax, Loyd. USDA/ARS Research Agronomist, 
Department of Agronomy, University of Illinois, 
Urbana, IL
Wolf, Bob. Extension Specialist in Pesticide Applica­
tor Training, Department of Agricultural Engineer­
ing, University of Illinois, Urbana, IL
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Commercial Pesticide Training and 
Certification Clinics 1993-1994
Commercial Pesticide Applicator Training 
Clinics will be presented by University of Illinois 
Cooperative Extension Service personnel from 
December 1993 until June 1994. These training 
sessions are intended for custom applicators and 
others who apply pesticides for hire, for their em­
ployer, or to public property and who must be 
certified before the 1994 season. Farmers and others 
who apply restricted use pesticides to property that 
they own or rent need to attend Private Pesticide 
Applicator Clinics that will be organized by local 
extension offices.
Most of the clinics are scheduled for two days. 
Training for general standards will be given during 
the first morning; general standards testing will be 
held that afternoon for operators. Applicators should 
attend category training that begins during the 
afternoon of the first day and finishes during the 
morning of the second day. Information needed to 
pass the pesticide tests will be covered; specialists 
will also discuss new developments to help keep 
pesticide applicators up-to-date. Applicators can take 
both the general standards and category tests during 
the afternoon of the second day.
The Illinois Department of Agriculture certifies 
and licenses individuals who use pesticides in 
outdoor environments, and in the production of 
agricultural commodities. Calculators can be used 
during the testing sessions. In accordance with the 
Americans with Disabilities Act, any attendee 
requiring a reasonable accommodation should notify 
the Illinois Department of Agriculture of their needs 
at least two weeks prior to any pesticide clinic or 
testing session. Testing, certification, and licensing 
questions can be answered by Illinois Department of 
Agriculture personnel in Springfield at (217) 785-2427 
or Oak Brook at (708) 990-8256.
Schedule of Pesticide Training and 
Certification Clinics
The following information pertains to clinics 
held in Illinois excluding northeastern Illinois. There 
will be a $10.00 per clinic registration fee payable at 
the door of each clinic. Make checks payable to the 
University of Illinois. One fee covers both days of 
two day clinics. Space is available on a first come- 
first served basis. Seating may be limited at some 
clinics.
First Day
7:30 a.m.-8:00 a.m. 
8:00 a.m.-12:30 p.m. 
1:30 p.m.-4:30 p.m.
1:30 p.m.-4:30 p.m.
Clinic Registration 
General Standards Training 
General Standards Testing 
Only
Category Training Begins
Second Day
8:00 a.m.-12:00 p.m. Category Training Continues 
1:00 p.m.-4:30 p.m. Testing (All Categories and 
General Standards)
Rights-of-way and Mosquito category training 
will be provided during the morning of the second 
day only, starting at 9:00 a.m. Ornamentals category 
training will be provided during the afternoon of the 
first day. Grain facility and turfgrass category 
training will be offered during the morning of the 
second day. Field crops category training will begin 
during the afternoon of the first day and be com­
pleted during the morning of the second day.
All tests will be available at one day clinics, as 
well as the second day of two day clinics, not just the 
categories that are covered in the training. No tests 
may be started after 3:30 p.m. Training questions can 
be answered by Phil Nixon, University of Illinois, 
Champaign at (217) 333-6650.
DATE CITY TRAINING LOCATION
Dec 2-3 Galesburg G.S., Field Crop Hojo Inn, 2 mi. W of 1-74 on U.S. 34 (Alpha Exit)
Dec 6-7 Bloomington G.S., Gr. Coop. Extension Office, 402 N. Hershey Rd.
Dec 20-21 Mt. Vernon G.S., F.C., Gr., ROW Ramada Inn, 1-57 & 1-64
Jan 3-4 Rockford G.S., T&O, ROW Clock Tower, 1-90 & Bus. 20
Jan 27-28 Ottawa G.S., F.C., Gr. Pitstick Pavilion, 4 mi. N of 1-80 on Rt. 23
xv
Feb 2-3 Springfield G.S., T&O, ROW, Gr. Prairie Capital Conv. Cen., 9th & Jefferson St.
Feb 9-10 Collinsville G.S., T&O, ROW, Mos. Gateway Center, Rt. 157 & 1-70
Feb 14-15 Champaign G.S., F.C., D&R Chancellor Inn, Rt. 45 & Kirby Ave.
Feb 16-17 Mt. Vernon G.S., T&O, Mos Ramada Inn, 1-57 & 1-64
Feb 22-23 Jacksonville G.S., F.C. Holiday Inn, Rt. 104
Feb 24-25 East Peoria G.S., T&O, ROW Ramada Inn, 1-74 & Rt. 116 W
Mar 7-8 Moline G.S., T&O, ROW Holiday Inn, 1-74 & Airport Exit (Rt. 6)
Mar 21-22 Champaign G.S., T&O, ROW Chancellor Inn, Rt. 45 & Kirby Ave.
Mar 25 Springfield G.S. Coop. Extension Office State Fairgrounds, 
(Gate 11)
Apr 5 Mt. Vernon G.S. Ramada Inn, 1-57 & 1-64
Apr 6 Teutopolis G.S. Knights of Columbus, S of Rt. 40 on Vine St.
Apr 27-28 Springfield G.S., F.C., ROW, 
T&O, Mos
Coop. Extension Office 
State Fairgrounds, (Gate 11)
G.S. = General Standards; ROW = Rights-of-Way; F.C. = Field Crops; T&O = Turf and Ornamentals; Mos = Mosquito;
Gr. = Grain Facility and Private Applicator—Fumigation; D & R = Demonstration and Research. You must already have a 
Private Applicators License to take the Private Applicator-Fumigation test.
1994 Northeastern Illinois Pesticide Clinics
There will be a $15.00 per day prepaid registra­
tion fee required at all locations except Crystal Lake. 
Refunds and transfers between clinics are not permit­
ted. Registration fees should be sent to the Northern 
Illinois Horticulture Association, P.O. Box 204, 
Gurnee, IL 60031 except for the April 26 clinic. Due to 
limited seating at most locations, registration fees 
must be received by the Friday before the desired 
clinic date. Send a self-addressed stamped envelope 
if you wish to receive a confirmation of your registra­
tion. Your check will be returned if the clinic that you 
designate is full. Receipts will be available at the 
door. Questions concerning these clinics can be 
answered by calling (708) 356-5265 from 1:30 to 4:00 
p.m. on Mondays and Fridays preceeding clinics.
For two day clinics, general standards training 
and testing will be conducted on the first day, and 
turf, ornamentals and other category training, as well 
as testing in all categories, will be conducted on the 
second day. All tests will be available on June 1. Each 
clinic begins at 8:00 a.m., with testing from 1:00 to 
4:00 p.m. No tests may be started after 3:00 p.m.
DATE CITY TRAINING LOCATION
Feb 15-16 Mundelein G.S., T&O Holiday Inn, Rt. 45
Feb 22-23 Joliet G.S., T&O Holiday Inn, Larken Ave. & 1-80
Mar 9-10 Northbrook G.S., T&O Holiday Inn, Milwaukee Ave. S of Palatine/ 
Willow Rd.
Mar 16-17 Willowbrook G.S., T&O Holiday Inn, Rt. 83 & 1-55
Mar 30-31 Alsip G.S., T&O, ROW, Mos Holiday Inn, 1-294 & Cicero Ave.
Apr 6-7 Glen Ellyn G.S., T&O Holiday Inn, Rt. 38 & Finley Rd.
Apr 11-12 Northbrook G.S., T&O Holiday Inn, Milwaukee Ave. S of Palatine/ 
Willow Rd.
Apr 26 Crystal Lake G.S. Holiday Inn, Rt. 31 S. of Rt. 41.
$10.00 Fee.Call (815)338-3737 to Pre-register
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DATE CITY TRAINING LOCATION
May 10-11 Elk Grove G.S., T&O
Village
June 1 Wheaton G.S.
Park District, 999 Leicester Rd.,
Exit 1-355 at Biesterfield Rd. E
DuPage County Fairgrounds Manchester Rd.
G.S. = General Standards; T&O = Turf and Ornamentals; ROW = Rights-of-Way; Mos = Mosquito.
Pesticide Applicator Study Materials
General Standards Manual..................................$ 4.00
General Standards Workbook..................................1.00
Aerial Applicator M anual........................................5.00
Aquatics Manual........................................................7.00
Dealer Pest Control....................................................5.00
Demonstration & Research......................................3.00
Designing Facilities for Pesticide.......................... 15.00
and Fertilizer Containment
Field Crops M anual..................................................7.00
Field Crops Workbook..............................................1.00
Forest Pest Control....................................................5.00
Fruit Crops Pest Control..........................................4.00
Grain Facility Manual................................................7.00
Livestock Pest Control..........................................$ 3.00
Mosquito Pest Control..............................................4.00
Ornamentals Manual................................................5.00
Plant Management................................................... 2.00
Private Applicator M anual......................................4.00
Rights-of-Way Manual............................................. 5.00
Rights-of-Way Workbook........................................1.00
Seed Treatment Manual............................................2.00
Soil Fumigation......................................................... 2.00
Turfgrass M anual......................................................6.00
Turf & Ornamentals Workbook..............................1.00
Vegetable Pest Control..............................................4.00
These manuals and study materials can be ordered from the Office of Agricultural Entomology, 172 
Natural Resources Building, 607 East Peabody Drive, Champaign, IL 61820. Make checks payable to the 
University of Illinois. All prices are subject to change without notice.
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Workshops Offered in 1994
Twentieth Annual Illinois Crop Protection 
Workshop
Extension specialists and research personnel with 
the University of Illinois, College of Agriculture, and 
the Illinois Natural History Survey are offering a 
Crop Protection Workshop from March 1 to 3,1994 at 
the Chancellor Hotel and Convention Center, Cham­
paign, Illinois. Advance registration will be required.
The objectives of the workshop are to give in­
depth training in diagnosing pest problems; trouble­
shooting in the field; and identifying insect, weed, 
and disease pests, as well as life cycles, thresholds, 
plant nutrient deficiencies, and other factors that 
affect crop production decisions.
Specialists in entomology, weed science, 
agronomy, plant pathology, and agricultural engi­
neering from the University of Illinois, and Purdue 
University, and the Illinois Natural History Survey 
will conduct training sessions on the above topics. 
Out-of-state speakers will also give general session 
presentations on subjects of current interest.
The registration fee for the workshop is $95 and 
will include the cost of the workshop and two 
lunches, but will not cover lodging. Further informa­
tion about the workshop can be obtained at the 
registration desk at the Illinois Agricultural Pesti­
cides Conference or from Michael Gray, University of 
Illinois, 172 Natural Resources Building, 607 East 
Peabody Drive, Champaign, IL 61820; (217) 333-6651.
Field Crop Pest Management Short Course
A pest management short course for field crops 
will be offered in 1994. This course is being offered to 
accommodate those persons who will monitor field 
crops for pest problems. The courses will be taught 
by extension specialists in weed science, agronomy, 
entomology, and plant pathology from the Univer­
sity of Illinois and the Illinois Natural History
Survey. The short course will be offered twice: March 
8-9 and 10-11,1994.
Further information about the short course can 
be obtained at the registration desk at the Illinois 
Agricultural Pesticides Conference or from Michael 
Gray, University of Illinois, 172 Natural Resources 
Building, 607 East Peabody Drive, Champaign, IL 
61820; (217) 333-6651.
Which Workshop Is For You?
Each year a number of people inquire about the 
difference between the Crop Protection Workshop 
and the Pest Management Short Course.
The Crop Protection Workshop is intended for 
those individuals who are concerned with current 
research that affects pest management. Topics 
presented represent subject matter that will provide 
the basis for future pest management decisions. 
Farmers, consultants, agribusiness people, seed 
industry personnel, and extension educators repre­
sent the largest portion of the 300 people in atten­
dance.
The Field Crop Pest Management Short Course is 
intended for those who wish to learn the what, how, 
where, and when of field crop scouting. The lab 
sessions are approximately four hours for each pest 
management discipline and cover the identification 
and scouting procedures for weeds, insects, and 
plant diseases. Farmers and field scouts employed by 
private consultants comprise the largest segment of 
the audience. Other participants include those who 
want a quick refresher course just prior to the 
growing season.
If you are still unsure about which workshop to 
attend, contact Michael Gray, University of Illinois, 
172 Natural Resources Building, 607 East Peabody 
Drive, Champaign, Illinois 61820; (217) 333-6651.
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Newsletters from the University of Illinois 
College of Agriculture
FARM ECONOMICS FACTS AND OPINIONS—
Economic principles applied to farm problems such 
as marketing strategies, crop and livestock product 
decisions, government and institutional policies. 
Eighteen issues per year.
WEEKLY OUTLOOK—Anticipates reports and 
interprets current market information—supply, 
demand, and price outlook—for agricultural 
products. Issued weekly except for last two weeks of 
December.
LIVESTOCK PRICE OUTLOOK—Forecasts of 
prices and production for hogs (four issues) and 
cattle (two issues) following inventory reports. 
Includes inventory data, forecasting methods, and 
discussion of pricing strategies. Six issues per year.
GRAIN PRICE OUTLOOK—Four issues each on 
corn and soybeans. An in-depth analysis of supply, 
demand, and price outlook for corn and soybeans. 
Also includes a discussion of storage and pricing 
strategies for producers. Eight issues per year.
ILLINOIS t>AIRY DIGEST —ProVides the latest 
dairy research information available from the U of I 
and other sources; practical, timely tips to help 
producers make management decisions; 
announcements of educational events. Four issues 
per year.
SWINE REPORT—Current information on swine 
feeding, management, economics, and engineering. 
Four issues per year.
ILLINOIS VEGETABLE FARMER'S 
NEWSLETTER—Provides production, harvest and 
handling, and marketing advice for commercial 
producers in the Midwest. News and updates from 
university and extension staff are highlighted. Four 
issues per year.
ILLINOIS FOREST MANAGEMENT 
NEWSLETTER—Features helpful management 
information and timely tips for woodland owners on 
silviculture, tree planting, wildlife management, 
forest investments and taxes, marketing, harvesting 
and utilization, forest insect and disease problems, 
residential tree care, and care of wood products 
around the home. Two issues per year.
HOME, YARD, AND GARDEN PEST 
NEWSLETTER—Insect, weed, and plant disease 
pests of the home and garden. Current controls, 
application equipment and methods, storage and 
disposal of pesticides, plus other topics. Issued 
weekly April-July; biweekly in August.
PEST MANAGEMENT AND CROP 
DEVELOPMENT BULLETIN—Weekly reports on 
the current agricultural insect, weed, and plant 
disease situation with advice on control methods. 
Also covers new developments in pesticide 
application techniques. Issued weekly April-August, 
and an additional five issues from September-March.
xx
Order Blank
Newsletter
Numbers of 
issues
Cost of 
materials and 
postage
Amount
enclosed
□  Farm Economics Facts and Opinions 18 $ 15.00 $
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Understanding Herbicide Mode of Action
Aaron G. Hager
Herbicides are compounds that are used to 
control unwanted plants. Herbicides may be classi­
fied according to a number of different characteris­
tics. Herbicides with similar characteristics are 
grouped into families so generalities may be drawn 
about how they function. Some of the more common 
classification schemes are based on application 
method (PRE, PPI, POST), chemical structure 
(phenols, aliphatics, etc.), or how the herbicide affects 
the plant (mode of action).
How do herbicides work? Herbicide mode of 
action may be defined as the physiological or meta­
bolic process within the plant that is impaired or 
inhibited by the herbicide. Mode of action can be 
further divided into primary and secondary mode of 
action. Primary mode of action is the first action of 
the herbicide exerted in time or the first action 
exerted at the lowest herbicide concentration. The 
primary mode of action is often the cause of plant 
death, but in some instances the secondary mode of 
action is the cause of plant death. Secondary mode of 
action consists of the events within the plant which 
are a consequence of the primary mode of action. For 
example, the primary mode of action of the triazine 
herbicides is inhibition of photosynthesis. The actual 
cause of plant death, however, is more likely the 
result of secondary products produced which cause 
cell membrane damage. The primary mode of action 
of glyphosate is inhibition of the production of 
aromatic amino acids. Plant death results from the 
depletion of these amino acids which are essential for 
plant growth.
Why study mode of action? A knowledge of 
herbicide mode of action can be helpful in planning 
weed control strategies, avoiding the development of 
herbicide resistant weed species, and correctly 
diagnosing crop injury symptoms. This knowledge 
may also be useful in determining the cause of poor 
weed control following a herbicide application. The 
science of weed control using herbicides has become 
increasingly complex. Producers and agrichemical
retailers need a basic understanding of herbicide 
mode of action in order to optimize weed control 
with herbicides.
Several terms other than mode of action are often 
used when explaining how a herbicide controls a 
weed. The first is mechanism of action. Unlike mode 
of action, mechanism of action refers to the processes 
involved with the herbicide acting within the plant. 
The site of action is the actual physical location 
within the plant where the herbicide acts. Mode, 
mechanism, and site of action may appear similar 
and interchangeable, yet differences in the terminol­
ogy exist and these terms should be used correctly 
whenever possible. For example, the mode of action 
of bentazon is inhibition of photosynthesis, one of the 
sites of action is the QB-quinone binding protein 
located in photosystem II, and the mechanism of 
action is the substitution of the bentazon molecule 
for the normal substrate at this site.
Herbicides may be applied by several different 
methods, yet certain principles exist that govern 
herbicide action regardless of application method. 
The following are principles that are crucial for good 
weed control with herbicides:
• In order for herbicides to effectively inhibit 
plant growth, the herbicide must be able to 
reach its site of action within the plant. Not 
all herbicides have the same site of action, 
but a given herbicide can have the same site 
of action within a number of plant species.
• The amount of inhibition achieved by a 
herbicide is dependent on the concentration 
of the active herbicide at the site of action. 
Any process that restricts or reduces the 
amount of herbicide at the site of action has 
the potential to reduce the effectiveness of 
the herbicide.
• In order for a herbicide to control a weed, the 
herbicide must bind to its site of action for a 
period of time sufficiently long enough to
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disrupt some metabolic or physiological 
process. This period of time is dependent on 
the herbicide and the weed species.
When these criteria are adequately achieved, the 
herbicide can effectively inhibit some metabolic or 
physiological function within the plant long enough 
to disrupt plant growth. This inhibition can eventu­
ally lead to plant death.
Herbicides Interfering with Photosynthetic 
Electron Transport
Plants are capable of manufacturing the food 
supplies necessary for their growth and reproduc­
tion. To accomplish this, plants harvest light energy 
from the sun by a process known as photosynthesis. 
Photosynthesis transforms light energy from the sun 
into a form of energy that the plant can utilize to 
satisfy its food requirements. Special pigments 
located in the cellular organelles, known as chloro- 
plasts, capture the light energy from the sun and 
transfer this energy within the plant, using a se­
quence of reactions that converts carbon dioxide 
(CO2) and water (H2O) into carbohydrates which the 
plant utilizes as its food source. When the process of 
photosynthesis is inhibited by herbicides, the normal 
flow of energy is blocked and the energy is released 
in a manner that disrupts plant tissues.
Once inside the plant, these herbicides move into 
the chloroplast located within the plant cell, which is 
the site of the photosynthetic electron transport 
chain. Inside the chloroplast, these herbicides bind to 
one of the components of the electron transport chain 
known as the D-l quinone binding protein of photo­
system II. Once the herbicide is bound to this compo­
nent of the electron transport chain, further electron 
flow is inhibited and the plant is no longer capable of 
carrying out photosynthesis. The bipyridiliums, 
however, bind at the F a F b  iron-sulfur center of 
photosystem I. At this site, the herbicide accepts an 
electron as it progresses through the electron trans­
port system of photosystem I. After accepting the 
electron, the herbicide molecule reacts with oxygen 
to form products that cause rapid damage to plant 
tissue. Since all of the photosynthetic inhibiting 
herbicides act on various components of the light 
reactions, herbicide injury symptoms are most 
rapidly observed under conditions of high light 
intensity.
Herbicides Inhibiting Amino Acid 
Biosynthesis
Plants synthesize many of the components 
needed for normal growth and development. Amino
acids are the basic structural units of proteins, which 
play vital roles in nearly all aspects of plant growth. 
Plants synthesize all twenty amino acids essential for 
growth through several pathways. Most of the 
synthesis of amino acids occurs in meristems, areas 
of the plant undergoing rapid growth and develop­
ment. Each stem and root contains a meristematic 
region. Factors that slow or inhibit amino acid 
synthesis cause a reduced rate of plant growth and 
may eventually cause plant death. Several herbicides 
exert their phytotoxic action by interfering with 
amino acid biosynthesis. By inhibiting the produc­
tion of certain amino acids, numerous proteins 
required by the plant are not assembled and the 
plant eventually dies from the absence of certain 
essential proteins, or alternatively, from the accumu­
lation of substances whose breakdown has been 
blocked by the herbicide. Two amino acid synthesis 
pathways in plants have been shown to be inhibited 
by herbicides that are commonly used today. The 
sulfonylureas, imidazolinones, and sulfonamides are 
inhibitors of an enzyme (ALS) in the biosynthesis 
pathway of the branched chain amino acids, while 
the phosphono amino acid derivative herbicides 
inhibit one or more enzymes (EPSP) in the biosynthe­
sis pathway of the aromatic amino acids.
Herbicides Inhibiting Protoporphyrinogen 
Oxidase
The pathway that plants use to synthesize 
chlorophyll and other pigments has several interme­
diate steps that can be effectively inhibited by 
herbicides. Several products which result when this 
biosynthetic pathway is blocked are damaging to the 
plant and cause plant death. One group of herbicides 
that is known to inhibit a step in the chlorophyll 
synthesis pathway is the diphenyl ether herbicides. 
Both the site of action and the agent responsible for 
membrane damage are known. An enzyme in the 
chlorophyll synthesis pathway known as 
protoporphyrinogen oxidase has been identified as 
the target site for these herbicides. When this enzyme 
is inhibited, large quantities of the normal product of 
the reaction catalyzed by this enzyme, known as 
protoporphyrin IX, accumulate. Protoporphyrin IX is 
a photodynamic molecule, reacting with light to form 
molecules which are damaging to membranes. When 
protoporphyrin IX accumulates in large quantities 
outside the normal chlorophyll synthesis pathway, it 
can no longer be converted into the next intermediate 
in the synthesis pathway and, therefore, is not under 
regulated control. Protoporphyrin IX, in the presence 
of light, reacts with molecular oxygen (O2) and 
converts it into singlet oxygen OO2) which causes
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extreme membrane damage. When the integrity of 
membranes is lost, many chemical reactions that 
occur on the surface of membranes can no longer 
take place and the contents of the cell begin to leak 
out into the intercellular space. When membrane 
damage has progressed, plant death occurs.
Herbicides Inhibiting Lipid Biosynthesis 
(ACCase Inhibitors)
Lipids are a diverse group of organic compounds 
produced within the plant. Lipids are generally 
classified as fats or oils; both have similar chemical 
structures, composed primarily of fatty acids. Lipids 
perform many vital functions within the plant, 
including acting as structural components of cellular 
membranes, sources of energy for metabolism, and 
serving as essential components of the outer protec­
tive layer of plant surfaces known as the cuticle. 
Plants which are grown commercially for utilization 
of the lipids they produce include soybeans, sunflow­
ers, peanuts, and castor beans. One very common use 
of plant lipids is as vegetable oils for cooking.
Plant cells are unique because of being sur­
rounded by a cell wall. Cell walls provide physical 
support for the plant and prevent the cells from 
expanding beyond their normal size. On the inner 
surface of the cell wall lies the cell membrane. The 
cell membrane is composed primarily of proteins and 
phospholipids; thus, lipid biosynthesis is critical for 
membrane formation and function. The cell mem­
brane is responsible for controlling what moves in 
and out of the cell. In addition, the cell membrane 
provides a surface which enzymes may attach to for 
performing their catalytic activities. Without intact 
membranes and continual lipid biosynthesis for 
membrane formation and maintenance, the plant 
would be unable to survive. Herbicides which act as 
inhibitors of lipid biosynthesis have been developed 
and are commercially available. The two most 
common families of lipid biosynthesis inhibitors are 
the aryloxyphenoxypropionates and 
cyclohexanediones. Herbicides inhibiting lipid 
biosynthesis cause plant death by inhibiting the 
function of a key enzyme in the fatty acid biosynthe­
sis pathway. The target enzyme for these herbicides 
is referred to as acetyl-CoA carboxylase (ACCase). 
ACCase is a multifunctional enzyme located in 
cellular organelles known as plastids. ACCase 
catalyzes the first committed step in the de novo 
biosynthesis of fatty acids. Inhibition of this enzyme 
results in the cessation of fatty acid production. 
Without the production of these building blocks of 
lipids, further lipid formation is stopped and plant 
death results.
Herbicides Acting As Growth Regulators
Many processes within the plant are affected by 
hormones. Hormones are molecules produced within 
the plant which regulate the growth and develop­
ment of cells and also numerous other processes. 
Plants produce many different hormones, some of 
the most prevalent being kinins, gibberellin, abscisic 
acid, and indoleacetic acid. One role played by 
hormones is to regulate cell division. Cell division is 
the process that allows plants to grow. In order for 
cells to divide, the genetic material within the 
dividing cell is replicated prior to division, so each of 
the two new cells will contain the exact genetic 
material as the dividing cell. One of the components 
of the genetic material is nucleic acid. Different types 
of nucleic acid combine in certain configurations to 
form RNA and DNA. The formation of RNA and 
DNA, along with genetic replication and cell divi­
sion, is strictly regulated within the plant and 
hormones appear to be the agents primarily respon­
sible for this regulation.
The herbicides acting as growth regulators 
appear to mimic the action of plant hormones. These 
herbicides have been shown to stimulate the synthe­
sis of nucleic acids and proteins, thus disrupting the 
normal growth cycle of the plant. Abnormal growth 
occurring in certain parts of the plant may cause 
disruption in the translocation of food materials 
within the plant from the usual areas of active 
growth to the new growth areas stimulated by the 
herbicides. This leads to unproductive growth which 
could eventually result in plant death. No specific 
site of action of these herbicides has been identified 
and the possibility exists that there may be multiple 
sites of herbicide action.
Herbicides Inhibiting Pigment Synthesis
Pigments are a group of compounds produced 
within the plant that participate in a variety of 
processes. The best known plant pigment is chloro­
phyll. Chlorophyll functions to harvest sunlight in 
the reactions of photosynthesis and is the pigment 
responsible for the green color of higher plants. 
Several other pigments, most notably the caro­
tenoids, are also involved in photosynthesis. Caro­
tenoids funnel additional light energy to the chloro­
phyll molecules and help dissipate excess energy 
when the chlorophyll molecules are in the excited 
state following the absorption of light energy. If 
carotenoids are absent, chlorophyll molecules are 
unable to dissipate the excess energy and damage to 
plant membranes can result. The chlorophyll mol­
ecules may also be damaged from this excess energy 
through a process known as photo-oxidation. Thus,
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one of the most important functions of carotenoids is 
to serve a protective role for chlorophyll molecules, 
preventing their photo-oxidation. Without caro­
tenoids, chlorophyll molecules are unable to survive 
the reactions of photosynthesis. If membrane and 
chlorophyll damage is extensive, plant death can 
result.
Several herbicides have been developed which 
inhibit the biosynthesis of carotenoids. These herbi­
cides have been referred to as “bleaching herbicides," 
but this terminology is misleading since these 
herbicides do not destroy previously synthesized 
chlorophyll molecules, but rather inhibit any further 
biosynthesis of the carotenoid pigments. The white 
plants that are observed following treatment with 
these herbicides are the result of photo-oxidation of 
the chlorophyll molecules due to the absence of 
carotenoids. The two most common families of 
pigment inhibitors are the isoxazolidinones and the 
pyridazinones.
The herbicides in these two families inhibit the 
biosynthesis of carotenoids by inhibiting the function 
of one or more enzymes involved in the carotenoid 
biosynthetic pathway. One enzyme that has been 
suspected of being the target enzyme for the 
pyridazinone herbicides is phytoene desaturase. The 
target enzyme for the isoxazolidinones remains to be 
resolved.
Herbicides Inhibiting Seedling Growth
The germination of weed seeds has many of the 
same requirements as the germination of crop seeds. 
The weed seed must absorb water to initiate the 
germination process, soil temperature must be at or 
above some optimum temperature, and light may be 
required to break seed dormancy. When all require­
ments for seed germination are met, the germination 
process begins and the weed seedling soon emerges 
from the soil. Few, if any, herbicides prevent weed 
seed germination. However, several herbicides are
available that interfere with some aspect of weed 
seedling growth. By interfering with seedling 
growth, the ability of the weed to develop normally 
is reduced and many times weed seedlings do not 
emerge from the soil. The herbicides which are used 
to interfere with weed seedling growth are usually 
divided into three families: the dinitroanalines, the 
chloroacetamides, and the thiocarbamates. The two 
growth processes these herbicides interfere with are 
root growth and shoot growth.
The dinitroanaline herbicides are the best known 
family of herbicides which inhibit root growth. These 
herbicides act by interfering with the normal move­
ment of genetic material that occurs as the cell 
divides. To accomplish this, these herbicides block 
the formation of microtubules from their constituent 
component known as tubulin. With tubulin unable to 
form microtubules, movement of the genetic material 
in dividing cells is severely altered and abnormal, 
nonfunctional cells result. Cell division in the roots 
soon stops and plant death results.
The root is the first structure to emerge from the 
germinating weed seed, followed by the shoot. 
Several herbicides in the chloroacetamide and 
thiocarbamate families interfere with shoot growth. 
However, the precise mode of action of these herbi­
cides that causes plant death remains unknown. 
There are several physiological processes within the 
plant that have been shown to be inhibited by 
herbicides in these two families. Lipid, isoprenoid, 
and flavonoid biosynthesis have been demonstrated 
to be inhibited by these herbicides. Each of these 
groups of plant compounds plays an essential role in 
normal plant growth and disruption in the biosyn­
thesis of any one or more of these compounds results 
in plant death. Future research may soon reveal the 
precise mode of action of these herbicides that causes 
plant death. The possibility exists that these herbi­
cides may have more than one mode of action that 
results in plant death.
Herbicides inhibiting photosynthetic electron transport
Herbicide Family Common Name Trade Name
Triazines atrazine AAtrex
simazine Princep
cyanazine Bladex
metribuzin Sencor, Lexone
hexazinone Velpar
atrazine + cyanazine Extrazine II
Phenylureas linuron Lorox
tebuthiuron Spike
diuron Karmex
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Herbicide Family Common Name Trade Name
Uracils bromacil Hyvar
terbacil Sinbar
Diazinones bentazon Basagran
pyridate Tough
chloridazon Pyramin
Bipyridiliums paraquat Gramoxone Extra
diquat Diquat
Benzonitriles bromoxynil Buctril
dichlobenil Casoron
Herbicides inhibiting amino acid biosynthesis
Imidazolinones imazethapyr
imazaquin
imazapyr
imazamethabenz
Pursuit
Scepter
Arsenal
Assert
Sulfonylureas bensulfuron Londax
chlorimuron Classic
chlorsulfuron Glean, Telar
metsulfuron Ally
nicosulfuron Accent
primisulfuron Beacon
sulfometuron Oust
thifensulfuron Pinnacle
triasulfuron Amber
tribenuron Express
thifensulfuron + tribenuron Harmony Extra
MON 12000 Permit, Battalion
Sulfonamides flumetsulam Broadstrike
Phosphono amino acid derivatives glyphosate Roundup
sulfosate Touchdown
Herbicides Inhibiting protoporphyrinogen oxidase
Diphenyl ethers acifluorfen Blazer
lactofen Cobra
fomesafen Reflex
oxyfluorfen Goal
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Herbicides inhibiting lipid biosynthesis
Herbicide Family Common Name Trade Name
Aryloxyphenoxypropionates diclofop Hoelon
fluazifop Fusilade 2000
fenoxaprop Option II
quizalofop Assure II
fluazifop + fenoxaprop Fusion
Cyclohexanediones sethoxydim Poast, Poast Plus
clethodim Select
Herbicides acting as growth regulators
Phenoxys 2,4-D Many
MCPP Many
MCPA Many
2,4-DB Butyrac, Butoxone
Benzoic acids dicamba Banvel, Clarity
Pyridines picloram Tordon
clopyralid Stinger
triclopyr Garlon
Herbicides inhibiting carotenoid biosynthesis
Isoxazolidinones clomazone Command
Pyridazinones norflurazon Zorial, Solicam
Herbicides inhibiting seedling growth
Dinitroanalines trifluralin Treflan, others
ethafluralin Sonalan
pendimethalin Prowl
benefin Balan
oryzalin Surflan
Chloroacetamides metolachlor Dual
alachlor Lasso, Micro-Tech
propachlor Ramrod
acetachlor Harness, Surpass
dimethenamid Frontier
Thiocarbamates EPTC Eptam
EPTC + safener Eradicane
butylate + safener Sutan +
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Managing Herbicide-Resistant Weeds
L. M. Wax, S. L. Taylor, and M. D. McGlamery
Nature and Extent of the Problem
Herbicide-resistant weeds are not a new problem 
worldwide, as many biotypes of weed species have 
been documented as being resistant to various 
herbicides throughout the world over the past three 
decades. The past history of herbicide resistance 
mainly has involved the triazines, as this class of 
herbicides alone has been involved in resistance of 
biotypes of well over 50 different species. Although 
the triazines have the most documented cases of 
resistance, various other classes of herbicides also 
have been implicated in weed resistance. Many of 
these instances of resistance have come from areas of 
continuous use of the same herbicide or the same 
mode of herbicide action for several years, and often 
with monoculture or on non-crop areas where 
complete vegetation control was the goal of weed 
management.
Until fairly recently, weed resistance to herbi­
cides has not played a significant role in the Corn 
Belt, and especially in Illinois. Now, however, in 
adjacent states such as Wisconsin, there are substan­
tial acreages of lambsquarters and pigweed biotypes 
that are resistant to triazines. Some areas of Illinois 
also have triazine resistant lambsquarters and 
pigweed at this time. Areas of these problems remain 
very small in the central Corn Belt, probably because 
of the past history of crop and herbicide rotation, 
combined with non-chemical control means. We are 
becoming more concerned about resistant weeds 
because many of the newer herbicides that are in use 
and under evaluation fit into the class of herbicides 
that inhibit the ALS (acetolactate synthase) enzyme 
in plants. Examples of these herbicides would be the 
sufonylureas, such as Accent, Beacon, Classic, and 
Pinnacle, and the imidazolinones, such as Pursuit 
and Scepter. There have been examples, most notably 
with a sulfonylurea, Glean, where weed resistance 
developed in as little as five years with continuous 
wheat production in the Great Plains and the West.
Recently, in the United States, there have been a 
number of other documented instances of weeds 
becoming resistant to various ALS inhibitor herbi­
cides. Another widely used group of fairly new 
herbicides, the ACCase inhibitors, such as Assure, 
Fusilade, and Poast, have potential for weed resis­
tance, as several instances of resistance among 
several species have been documented.
Although it is difficult to predict when and 
where herbicide resistant outbreaks will occur, we 
anticipate problems developing in Illinois with 
several classes of herbicides, and possibly with 
several weed species. We are especially concerned 
about the ALS inhibitors, unless some preventive 
measures are taken and strategies put into place to 
minimize the potential for resistance development. 
Thus, we have initiated active research and outreach 
projects on this topic, in the hope of working with 
our clientele to prevent or delay the onset of these 
problems, and to provide quick identification and 
possible solutions if and when the problems do arise.
Factors Leading to Development of 
Weed Resistance
Many factors can interact to contribute to increas­
ing selection pressure on a weed population and 
eventually result in the appearance of herbicide- 
resistant biotypes of weeds. Although there may be 
other factors to consider, the following represent 
some of the more important influences on early 
development of resistance:
• Herbicides that have a single site of action.
• Herbicides that are highly effective on 
labeled weed species.
• Herbicides with long soil persistence.
• Multiple applications within the growing 
season.
• Use of only chemical control, with cultiva­
tion eliminated.
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• Use of the same herbicide alone for several 
years continuously.
• Annual weeds with a widely diverse or 
variable germplasm, such as pigweed, 
lambsquarters, shattercane, and cocklebur.
• Weeds with prolific seed production, high 
germination rate, and low dormancy.
Identification of Resistant Weed Biotypes
It is extremely important to scout fields regu­
larly, map populations for future control strategies, 
and as a part of that procedure, identify potential 
herbicide-resistant weed biotypes, so that escaping 
resistant weeds can be prevented from producing 
seed if possible. Identification of resistant weeds is 
not easy, but can be done using the following guide­
lines:
• All other possible causes of herbicide failure 
must be eliminated.
• Other labeled weeds, besides the one in 
question, were controlled well.
• Field has a history of continuous use of the 
same herbicide or mode of action.
• The weed species in question is on the label 
and was controlled in the past.
• Control method in the field involved only 
chemicals and no cultivation.
Strategies to Minimize Development of 
Resistance
There is a fairly good consensus among private 
and public researchers as to procedures that are 
likely to prevent or delay the onset of resistance and 
to minimize resistance if it does occur. It is important 
to think of these measures with an IPM approach and 
realize that a combination of several of these strate­
gies will be the most effective. Procedures that can 
help reduce the potential for problems include the 
following:
• Use tank mixes or prepackaged mixtures 
with herbicides that are both effective on the 
weed in question and have different modes 
of action.
• Rotate herbicides and modes of action from 
one year to the next.
• Rotate crops to make it easier to use herbi­
cides with different modes of action.
• Use economic thresholds to limit the amount 
of herbicide used. A lower rate of herbicide 
will allow some susceptible weeds to survive 
and compete with resistant biotypes.
• Scout fields often to identify any resistant 
biotypes.
• With new herbicide tolerant or resistant crop 
hybrids and varieties, do not use more than 
two consecutive applications of a single 
herbicide alone. Ideally, each year of produc­
tion in a rotation should include either tank 
mix or sequential applications of herbicides 
with at least two different modes of action 
that are labeled for the weeds in question. 
This procedure is especially important to 
follow with crops resistant to herbicide 
classes that already have a history of weed 
resistance.
• Include rotary hoeing, cultivation, and other 
non-chemical control methods.
• Clean tillage equipment before moving it to a 
different field to minimize the spread of 
resistant weeds.
• Encourage similar management practices in 
public areas such as railroads and highways 
from which seed can spread into fields.
Local Research on Resistant Weeds 
Underway
We have initiated research on several aspects of 
the resistant weed problem with the goal of learning 
more about the scope of the problem in Illinois, 
investigating some of the mechanisms of resistance 
and cross-resistance, and fine-tuning strategies for 
helping to prevent, delay and/or minimize the 
problems when and wherever they may occur.
• In our survey work with growers, consult­
ants, and applicators, we have located areas 
of common lambsquarters, smooth pigweed, 
and kochia biotypes in Illinois that are 
resistant to the triazines. To date, we have 
not documented any weed biotypes in 
Illinois that are resistant to the ALS inhibi­
tors.
• Greenhouse work has confirmed the resis­
tance of the above-mentioned species and we 
are continuing work to look at cross resis­
tance.
• In other greenhouse work, based on field 
observations, we have identified substantial 
differences in tolerance of the various 
pigweed species, including the water hemps, 
to postemergence applications of the herbi­
cides Classic and Pursuit. We are determin­
ing whether the differences in response are 
due to differences in ALS levels, absorption/ 
translocation, or differential metabolism.
• Field work at several locations has been 
established to develop management strate­
gies including tank mixtures and rotation of 
herbicide modes of action, for minimizing
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development of resistance in lambsquarters, 
pigweeds, and shattercane, in corn-soybean 
rotations.
• A number of presentations and fact sheets 
have been prepared to inform our clientele 
about the status of weed resistance and to 
help them identify problems. This informa­
tion can also be helpful for implementing 
management strategies as soon as possible to 
keep problems from arising and minimize 
them if they do arise.
Help Us Determine the Status of Herbicide- 
Resistant Weeds in Illinois
Herbicide resistant weeds, while becoming a 
significant problem worldwide and in some areas of 
the United States, are minimal at this time in Illinois. 
However, there is potential for development of 
resistant weed biotypes with several classes of
herbicides. We are especially concerned with the ALS 
inhibitors, which are widely used, highly effective at 
low dosages, and environmentally friendly. This 
class of compounds is extremely important, and the 
development of widespread resistance of several 
species would severely limit the usefulness of these 
important tools for efficient crop production. Thus, it 
is in our best interest to learn as much as we can 
about the mechanisms, survey and identify problems 
quickly, and initiate management practices that will 
help to prevent problems from occurring. We are 
asking for your cooperation and assistance with our 
work. We request that you contact us (Weed Science, 
Agronomy Department, 1102 South Goodwin, 
Urbana, Illiniois, 61801, 217-333-4424) should you 
suspect that you might have a resistant weed prob­
lem and want some help with identification and 
confirmation. We would be pleased to work with you 
to set up management programs to help prevent or 
solve weed resistance problems.
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Pesticide Interactions
Kent Harrison
Introduction
The need for broad spectrum pest control in 
maximizing crop yields and crop quality has led to 
the development of pesticides that effectively control 
many diseases, insects, and weeds that plague crop 
producers. In the production of many crops, use of 
more than one pesticide is necessary over the course 
of the growing season. Different pesticides are 
applied sequentially or as a tank mixture, and may 
include chemicals from the same general class (e.g., 
herbicides) or chemicals from a combination of 
different classes (e.g., herbicides and insecticides). 
There are usually no adverse effects on crop safety or 
pest control caused by overlapping exposure to 
different pesticides when label directions are fol­
lowed closely. However, there are certain pesticide 
combinations, both within and among chemical 
classes, that may result in excessive crop injury, loss 
of efficacy, or both. However, some pesticides are 
actually more effective when applied in combina­
tions than when applied alone.
Types of Interactions and Mechanisms 
Involved
When crop plants and weeds are exposed 
simultaneously to more than one pesticide, the 
physiological effects may be described as: (a) addi­
tive—when no interaction occurs and effects on 
plants are independent and predictable, (b) synergis­
tic—when the biological activity of the herbicide 
mixture is greater than the sum activity of its indi­
vidual components, or (c) antagonistic—when the 
biological activity of the mixture is less than the sum 
activity of its individual components. The physiologi­
cal response of crops and weeds to mixtures is highly 
species dependent, so that a given mixture might be 
synergistic in a weed while showing no adverse 
enhancement of activity in the crop. Conversely, 
certain crops or crop varieties may be extremely
sensitive to a pesticide mixture that produces no 
synergistic effect in a weed.
Interaction of pesticide combinations in crops or 
weeds may be due to an alteration in the uptake, 
translocation, or metabolism of one or more of the 
active ingredients. Surfactants, oil concentrates, 
liquid fertilizer solutions, and other adjuvants are 
examples of POST pesticide synergists. Adjuvants 
synergize herbicides by improving deposition and/ 
or absorption of pesticides on plant surfaces. Another 
mechanism responsible for some pesticide interac­
tions is chemical reaction of the active ingredients. 
Pesticides that undergo chemical reactions with one 
another prior to application usually lose biological 
activity. Yet other pesticides may interact at the 
biochemical level, where synergism or antagonism is 
caused when the pesticides bind to the same or 
different sites of action within the plant cell. The 
following discussion is limited to interactions that 
occur between herbicides and insecticides and 
among different herbicides.
Herbicide-Insecticide Interactions
Although observed less commonly in the field 
than herbicide-herbicide interactions, herbicide- 
insecticide interactions are of special concern because 
they usually result in synergistic action and injury to 
crop plants (Table 2). A recent concern has been the 
interaction of soil-applied insecticides with the new 
sulfonylurea herbicides nicosulfuron (Accent) or 
primisulfuron (Beacon) in corn. In-furrow applica­
tion of some corn rootworm insecticides followed 
later in the season by POST treatment with 
nicosulfuron or primisulfuron has injured corn and 
reduced grain yield significantly. Similar synergism 
occurs in metribuzin-treated soybeans exposed to 
organophosphate insecticides (Table 2). Use of 
alternative insecticide formulations, application 
methods, and/or products has generally alleviated 
the problem.
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Many herbicides are selective based on a crop 
plant's ability to enzymatically metabolize those 
herbicides, whereas susceptible weeds lack this 
ability. Selectivity is lost if the crop's enzyme system 
is rendered inactive by stress or other factors. The 
synergistic activity of herbicide—organophosphate 
insecticides in plants occurs because the insecticide 
inactivates plant enzymes that normally detoxify the 
herbicide.
Interactions Among Herbicides
Today's highly selective herbicides are each 
effective in controlling a specific and sometimes 
narrow spectrum of weeds. As a result, it is usually 
necessary to apply two or more herbicides to control 
the broad spectrum of grass and broadleaf weeds 
encountered in growers' fields. Combining herbi­
cides with different modes of action is also recom­
mended in some instances to help avoid the develop­
ment of herbicide-resistant weed populations. Table 
1 contains a summary of some herbicide-herbicide 
interactions reported in the literature. While many
other interactions have been reported, those shown 
in Table 1 are applicable to herbicides, crops, and 
weeds common in the United States Corn Belt.
The common practice of tank mixing POST 
herbicides along with one or more adjuvants has 
given rise to many effective combination treatments. 
It has also produced a cottage adjuvant industry, 
resulting in a yearly flood of new (and old) adjuvants 
available to herbicide applicators. Unfortunately, 
there is no single adjuvant formula that produces 
optimum herbicide effectiveness and crop safety for 
all herbicide combinations. Label directions for 
adjuvant use in herbicide tank mixtures should be 
followed closely to avoid crop injury or a reduction 
in weed control.
Besides interactions that occur when herbicides 
are tank-mixed, herbicides with long residual activity 
may "overlap" with herbicides applied later in the 
growing season or the following year. For example, 
the potential for soybean injury from PRE application 
of metribuzin is greater if there is residual atrazine in 
the soil from the previous year. Recent findings 
suggest that in some soils, carry-over activity from
Table 1. Interactions of herbicide mixtures on selected crops and weeds3
Type of
Herbicides Interaction Plant Species Affected
alachlor / atrazine synergism
dicamba / alachlor antagonism
dicamba / metolachlor antagonism
ethalfluralin / alachlor synergism
trifluralin / alachlor synergism
paraquat / monuron or diuron synergism
paraquat / diuron synergism
paraquat / simazine synergism
2,4-D / atrazine synergism
2,4-D / dicamba antagonism
EPTC / atrazine synergism
atrazine / pendimethalin antagonism
atrazine / trifluralin antagonism
simazine / trifluralin antagonism
glyphosate / atrazine antagonism
glyphosate / cyanazine antagonism
glyphosate / 2,4-D antagonism
glyphosate / linuron antagonism
glyphosate / metribuzin antagonism
sethoxydim / bentazon antagonism
imazethapyr / thifensulfuronb synergism
barnyardgrass 
field corn 
field corn
ivyleaf morningglory 
ivyleaf morningglory 
common purslane 
quackgrass 
quackgrass 
yellow nutsedge 
common chickweed 
alfalfa, field bean 
soybean 
soybean, oat 
soybean
quackgrass, Canada thistle, common dandelion 
quackgrass, Canada thistle, shattercane, wheat 
oat, yellow nutsedge, barley, wheat 
quackgrass, shattercane 
quackgrass
goosegrass, field corn, foxtail spp., johnsongrass 
soybean
a Adapted from Hatzios and Penner, 1985.
bM. Loux, Ohio State University, personal communication.
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Table 2. Interactions of herbicide-insecticide mixtures on selected crops and weeds3
Herbicide Insecticide
Type of 
Interaction
Plant Species 
Affected
trifluralin malathion antagonism wheat, field corn
butylate carbofuran synergism barley
EPTC fonofos synergism field corn
atrazine disulfoton antagonism soybean
atrazine fensulfothion synergism soybean
metribuzm aldicarb synergism soybean
metribuzm carbofuran synergism soybean
metribuzm disulfoton synergism soybean
metribuzm fensulfothion synergism soybean
metribuzm phenamiphos synergism soybean
metribuzm phorate synergism soybean
metribuzm terbufos synergism soybean
diuron disulfoton synergism oat, cucumber, field corn
linuron carbaryl synergism field corn, broadleaf plantain
bentazon diazinon synergism soybean, field bean
bentazon malathion synergism soybean, field bean
bentazon parathion synergism soybean, field bean
primisulfuronb disulfoton synergism field corn
primisulfuron fonofos synergism field corn
primisulfuron isozophos synergism field corn
primisulfuron terbufos synergism field corn
nicosulfuronc terbufos synergism field corn, sweet corn
a Adapted from Hatzios and Penner, 1985.
b Primisulfuron and nicosulfuron data from Biediger, et. al. and Morton, et. al., respectively.
long-residual herbicides applied one year may 
enhance weed control the following year; however, 
the potential for crop injury from other herbicides 
may also increase. The extent to which herbicide 
residues predispose sensitive crops or weeds to other 
types of stress (e.g., diseases, insects, drought) is not 
well understood.
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Herbicide Degradation
Jerry K. Sims
Introduction
The purpose of this discussion is to introduce 
current trends in herbicide degradation research and 
suggest applications of this research for decision 
making in the field. Background information and 
some historical development will be employed to 
make the information useful to a broad audience. 
Sources of review material are provided for those 
readers interested in additional information.
Herbicides are organic compounds and thus once 
released into the environment have the potential to 
undergo significant chemical rearrangements that 
completely change their properties. The processes 
involved in these structural changes are collectively 
referred to as degradation, although authorities may 
disagree on which specific processes should be 
included in the term degradation. Possibilities exist 
for simple changes in herbicide structure that may 
increase or decrease toxicity of the compound. 
Herbicide molecules may be broken into smaller 
units or coupled to other compounds to form larger 
molecules. Structural changes may be extensive, and 
may result in complete decomposition to form 
carbon dioxide (mineralization). In order to be 
effective herbicides, some compounds require simple 
degradative reactions (activation). Herbicide degra­
dation has been reviewed recently by several authors 
(Alexander and Scow 1989; Bollag and Liu 1990; 
Havens et al. 1993).
Much of the terminology used to describe 
herbicide degradation has been coined by scientists 
in recent years, and is therefore unfamiliar to readers 
outside the field. Furthermore, not all scientists 
adhere to the same definitions of commonly used 
terms, thus increasing the level of confusion. Table 1 
lists definitions of some of the commonly used terms 
in pesticide degradation research.
Table 1. Definitions of common terms used in 
pesticide degradation literature
Term Definition
Degradation Any process of breaking down a 
compound into innocuous 
products
Biodegradation A biological process of breaking 
down a compound into 
innocuous products
Detoxification Process of converting a toxic 
compound into a non-toxic form
Mineralization Complete degradation of an 
organic compound to form 
carbon dioxide, usually involves 
microorganisms
Bound residue Residual pesticide or pesticide 
degradation products that have 
become incorporated into a soil 
or sediment matrix
Transformation Changes in the structure of any 
compound
Biotransformation Biologically mediated changes in 
a compound's structure
Decomposition Analogous to degradation
Dissipation Disappearance of added material 
without reference to where or 
what it has become
Mechanisms of Herbicide Degradation
Biological Degradation. Microorganisms are 
responsible for many of the reactions herbicides 
undergo in the environment. Most the organisms 
thought to be responsible for degradation of herbi-
13
cides are either bacteria or fungi. These organisms 
possess catalytic proteins, such as oxygenases that 
recognize a wide variety of organic compounds as 
substrates, and catalyze reactions such as the addi­
tion of hydroxyl (-OH) groups. Some herbicides (for 
example 2,4-dichlorophenoxy acetic acid) appear to 
serve as growth substrates for soil organisms, 
whereas most herbicides are probably degraded by a 
suite of gratuitous reactions (termed co-metabolism) 
mediated by consortia of microorganisms. Whether 
or not organisms use a 
particular herbicide for 
growth, degradation is 
usually achieved by a 
series of modifications to 
the herbicide that result in 
the formation of com­
pounds that can enter key 
metabolic pathways. Bollag 
and Liu (1989) provide a 
thorough discussion of 
specific herbicide transfor­
mations carried out by 
microorganisms. Biological 
degradation is dependent 
upon the presence of 
organisms capable of 
degrading the compound 
of interest, as well as 
environmental conditions 
conducive to the activities 
of the organisms.
Non-biological Degra­
dation. Many herbicides 
contain one or more 
functional groups that are 
easily hydrolyzed under 
normal environmental 
conditions. Some structural 
changes can be induced 
upon exposure of certain 
herbicides to ultraviolet 
light (photo decomposi­
tion). Herbicides may be 
transformed through 
catalysis by soil colloids or 
may react with soil organic 
matter. Though many 
herbicides can undergo one 
or two non-biological 
reactions in the environ­
ment, it is important to 
realize that complete 
decomposition almost 
always involves the action 
of microorganisms. For
discussion of abiotic transformations of pesticides, 
see Wolfe et al. (1990). Miller et al. (1989) provide an 
excellent review of photo decomposition of pesti­
cides.
Degradation Rates
Except for the case of toxic metabolite formation, 
the mechanisms of herbicide degradation are of less 
general interest than the rate at which transforma-
Figure 1. Frequency distribution of soil half lives for a hypothetical
herbicide tested in many soils. Observed ranges can be over 
100 fold.
100 T
Half Life, days
Figure 2. Non-first order degradation kinetics.
Incubation Time, days
First order model predicts more rapid degradation. Due to sorption occurring 
over time, degradation kinetics become slower with increased residence time 
in the soil.
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tions occur. The expected rate of herbicide degrada­
tion in soil is expressed as the soil half life or tw (time 
required for one-half of the applied material to be 
decomposed). The half life is a useful parameter 
indicating the relative stability of the compound, or 
conversely the tendency of the compound to be 
decomposed. Half lives should not be considered 
intrinsic constants as they are a function of how, 
when, and where they are measured. Soil half life is 
determined by incubating one or more samples of 
soil treated with radioactive herbicide and measuring 
conversion of the added pesticide to various prod­
ucts. The half life of a particular compound can vary 
considerably from sample to sample as much as 100 
fold. Figure 1 depicts a hypothetical frequency 
distribution of half lives for a pesticide tested on a 
large number of soils. Half life values are calculated 
from models that assume that degradation obeys first 
order kinetics, which state that the rate of conversion 
to product is dependent only on the herbicide 
concentration. This is often an erroneous assumption 
as degradation is often limited by the availability of 
the pesticide to microorganisms. Figure 2 is a hypo­
thetical example of poor fit of degradation data to a 
first order model due to adsorption of the herbicide 
to soil. Note that in the figure the apparent half life 
continues to increase with residence time in the soil. 
Most published degradation data are collected under 
essentially optimal conditions for degradation. For 
registration studies, fresh soil is incubated at 25°C 
and optimal moisture content for microbial degrada­
tion. In the field, soil moisture is usually optimal for 
only brief periods, and soil temperatures vary 
diurnally as well as seasonally in the field. Degrada­
tion kinetics can be profoundly influenced by soil 
moisture and temperature.
Factors Controlling Herbicide 
Degradation Rates
Chemical Characteristics. Herbicides are 
xenobiotic substances, that is, they are foreign to 
biological systems. This means that the compounds 
did not exist during the evolution of most microor­
ganisms. Thus, in order for organisms to recognize 
xenobiotics as substrates, either the organisms must 
change, or the xenobiotic must closely resemble some 
naturally occurring material. Herbicides differ 
widely in the degree to which they resemble natural 
substrates, and thus vary in the ease with which they 
can be degraded by microorganisms. Some generali­
zations can be made about the effects of chemical 
structure on degradability; however, it is not yet 
possible to predict degradation rates from structural 
information. Table 2 lists observed effects of particu­
lar functional groups on relative degradability of
Table 2. Effects of chemical substitutions on 
degradability of organic compounds
Parent
compound
Substituent Effect on 
degradation
Benzoic -OH none or faster
acid ring -COOH none or faster
-Cl much slower
-NH2 much slower
-CH3 none or somewhat 
slower
Pyridine ring -OH none or faster
-COOH none or faster
-Cl much slower
-NH2 much slower
CH3 none or somewhat 
slower
benzoic acid and pyridine, common aromatic rings 
involved in the structures of herbicides. The presence 
of halogens, especially chlorine in a pesticide mol­
ecule, is often responsible for increased persistence 
(resistance to degradation).
Soil type. Numerous studies have been per­
formed to determine the influence of soil type on 
degradation (Loux et al. 1989). Texture, pH, and 
organic matter content are the most common soil 
variables investigated. Soils with higher organic 
matter usually support greater microbial biomass 
than soils with less organic matter, and thus would 
be expected to exhibit faster degradation kinetics. 
However, soils with higher organic matter also have 
greater adsorption properties, and thus may limit 
degradation by reducing availability of the herbicide 
to the soil microorganisms. Thus, for all the research 
that has been done to determine soil effects on 
degradation, it remains difficult, if not impossible, to 
predict the effect of soil type on degradation of any 
particular compound.
Adsorption. All pesticides interact with (adsorb 
to) soil to varying degrees. Usually the organic 
constituents of the soil matrix are responsible for 
most of the adsorption, though many herbicides also 
adsorb to soil minerals. Adsorption removes the 
pesticide from solution and therefore reduces its 
availability for leaching or runoff during storms. It is 
generally accepted that soil and water microorgan­
isms take up herbicides from solution and do not 
directly take up the compounds that are adsorbed to 
soil or sediment particles. It is thought to be neces­
sary for the compounds to leave the particle (desorb) 
and enter solution for uptake to occur. Thus adsorp­
tion of herbicides by soil is thought to decrease the
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Figure 3. Susceptibility of herbicide to transport as a function of time 
after application.
TJ
Incubation Time, days
Available denotes material immediately available for transport. Figure based 
on a soil half life of 30 days and an equilibrium Kd =1 (weakly adsorbing 
compound).
rate at which the com­
pounds are degraded.
Several examples are 
available in the literature.
Degradation of the herbi­
cide flumetsulam is a direct 
function of adsorption of 
the compound to soil 
(Lehmann et al. 1992).
Bacterial degradation of 
both pyridine and quino­
line, heterocyclic nuclei 
commonly found in 
herbicide structures, is 
attenuated by the presence 
of an adsorbing material 
such as soil clay (Sims et al.
1992). Similar results have 
been reported for the 
herbicide 2,4-D (Ogram et 
al. 1985), and the insecti­
cide carbofuran (Shelton 
and Parkin 1991). There are 
compounds, such as the 
desiccant herbicide diquat, 
that are so strongly sorbed by soil that they are not 
only unavailable to organisms for degradation, but 
are also completely inactivated as herbicides (Weber 
and Coble 1968). Though adsorption can slow down 
herbicide degradation, thus apparently favoring 
movement offsite , adsorption can also reduce 
herbicide mobility, and thus reduce the net risk of 
offsite movement. Adsorption does not occur instan­
taneously in the field, but rather continues over 
weeks to months (McCall and Agin 1985; Shelton and 
Parkin 1991). As a result, herbicides are much more 
mobile when they are freshly applied, than after a 
period of aging in the soil. Figure 3 shows the 
expected effect of aging on the amount of a herbicide 
available for transport as a function of time after 
application.
Environmental Factors. Like plants, soil microor­
ganisms respond to changes in their physical sur­
roundings. Generally, microbial activity reaches a 
maximum at some optimal soil moisture level, and 
drops off sharply as soil becomes much drier than 
optimal. Thus it is expected that herbicide degrada­
tion rates should drop off when moisture becomes 
limiting. This effect has been demonstrated by 
Shelton and Parkin (1991). Drought conditions can 
significantly slow degradation and may result in 
persistence carryover and injury to rotational crops 
the following growing season. Too much water 
results in oxygen insufficiency, and like water 
availability, the availability of oxygen may determine 
the rate at which a herbicide is degraded in wet soil.
Not all herbicides are affected in the same way by 
oxygen limitation.
Role of Herbicide Degradation in 
Water Quality
Most authors assume that the longer a herbicide 
persists in the soil, the greater the possibility of 
movement via either leaching or runoff (Jury and 
Giodrati 1989). It should be noted that persistence 
can be associated with adsorption of pesticides to soil 
solids. In these cases, persistence may not be corre­
lated with increased movement because of decreased 
mobility attributed to adsorption. To safeguard 
against contamination of water supplies, short half 
lives are extremely desirable in the development of 
new herbicides. However, efficacy is often positively 
correlated with persistence. Similarly, minimum 
mobility characteristics are desirable from a water 
quality perspective, but often some mobility is 
required for effectiveness as a herbicide. We are 
usually unable to speed up the degradation charac­
teristics of a herbicide; however, it may be possible to 
slow down degradation with the use of controlled 
release formulations.
Future Directions in Degradation Research
In recent years it has become apparent that 
environmental behavior of pesticides is not ad­
equately understood. Clearly, we must learn how to 
predict environmental fate of pesticides in conditions
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or environments for which we have no experimental 
data, since it is not feasible to conduct experiments 
under every possible combination of conditions. 
Presently we lack the ability to accurately describe 
the complex array of physical, chemical, and biologi­
cal processes operating at the field scale. Significant 
advancements are being made in the description of 
water movement through soil. Improvements in the 
prediction of adsorption in the field appear to be 
forthcoming. However, little advancement has been 
made in the description of pesticide degradation. 
From the data presented above we can see that soil 
water content has an overriding influence on degra­
dation rates. A reasonable description of the relation­
ship between soil water content and degradation 
may be the key to success in predicting degradation 
rates in the field.
Practical Considerations
Much of the information collected thus far on 
herbicide degradation is of little direct value to the 
consumer for decision-making purposes. However, 
some specific examples of how research results may 
be used can be found in the following statements. 
Unusually dry weather can result in pesticide 
persistence, and thus increase the potential for crop 
injury the following growing season. Anticipating 
this condition may assist the grower in making 
decisions regarding timing of crop rotations. Simi­
larly, decisions about application rates may be 
influenced when high residue levels are predicted by 
weather conditions.
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Overview of the Flood of 1993
Chet Boruff
Widespread flooding of the Mississippi River 
Basin—The Great Flood of 1993—easily stands as the 
largest natural disaster to strike the state of Illinois. 
Unlike most other natural disasters, which strike 
quickly and randomly, the Flood of 1993 spread its 
intensity over a period of several weeks and in a 
confined area limited to the flood plains of the 
Mississippi and its tributaries. As the flood waters 
receded, they left a path of economic losses, social 
disruption, and public policy debate that the state of 
Illinois will deal with for years to come. Illinois 
agriculture suffered the largest losses of any one 
industry, and farm families in rural communities 
experienced great disruption. This paper deals with 
the short term effects of the Flood of 1993 to agricul­
ture and the long term implications to the industry.
Background
The Flood of 1993 had its beginnings during a 
wet and prolonged harvest season in the fall of 1992. 
As a result of these rainfall patterns and soil moisture 
conditions, the stage was set for potential flooding 
the following spring. Excessive rainfall amounts 
continued into the summer.
As abnormally high rainfall amounts continued 
throughout June and July across widespread portions 
of the Mississippi Basin, the flooding grew in inten­
sity downstream. Along the Mississippi, several 
levee failures affected towns and smaller agricultural 
areas. The first of several levee failures that contrib­
uted to large acreages of flooded agricultural land 
occurred in the areas north of Quincy, Illinois, known 
as the Hunt, Lima, and Indian Graves Drainage 
Districts. One by one, levees protecting these large 
tracts of agricultural land failed, progressively 
flooding farmland to depths up to 20 feet, for a total 
combined acreage of approximately 44,000 acres.
Also inundated at this time was the town of Meyer 
and the large grain elevator located there.
South of Quincy, the Sny Levee District was the 
next to be threatened by the flood waters. This large 
agricultural area, protected by up to 54 miles of 
levee, has a combined area of 110,000 acres. After 
massive efforts to save this levee, it breached at the 
northern end of the Sny District; but other levees 
held, and the flooding was confined to the northern 
area of the District.
The Calhoun County area suffered the effects of 
the flood, not only from the Mississippi, but from the 
Illinois River as well. Flooding essentially isolated 
Calhoun County because bridges were inaccessible 
and ferry boats were unable to operate. This had a 
detrimental effect upon the peach industry in the 
county because the crop was nearing harvest at this 
time. Several attempts were made by the Illinois 
Department of Transportation and local municipali­
ties to provide alternative transportation links to 
markets in Illinois and the St. Louis area. These 
efforts were successful in helping producers gain 
access to markets during this narrow window of 
opportunity during the harvest season.
Agricultural areas south of East St. Louis, most 
notably in the area surrounding Valmeyer, were the 
next to feel the effects of the flood. As levees failed, 
large tracts of farmland and communities were 
inundated all the way to the southern end of the 
state.
Flooding along the Illinois River also had serious 
implications to production agriculture. According to 
numbers compiled by USDA/ASCS, 884,000 acres of 
crops in Illinois were lost, either due to excessive 
moisture conditions that prevented planting or from 
direct loss to flood waters and seepage. This repre­
sents nearly 5% of Illinois' annual crop production.
Short-Term Impacts
Farm operators, agricultural suppliers, and rural 
communities felt serious economic impacts from the 
Flood of 1993. Producers felt the first economic losses
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when their crops, at the peak of the growing season, 
were completely destroyed. The Flood of 1993 is 
unique in that it did not occur during the late win­
ter/early spring period as is common in most other 
flooding events. As a result, producers had expended 
their routine investments for crop inputs and the 
crop was well advanced when flooding occurred.
This also contributed to the environmental impact 
caused by the Flood of 1993, due to the fact that 
many of the fertilizer and pesticide inputs applied for 
the growing season may have been carried down­
stream by the flood waters. This caused concern 
about increased environmental damage. Not all crops 
lost were covered by insurance, so direct losses and 
losses in potential income will come directly from 
producers' equity. Farm suppliers have felt the 
economic burden from loss of sales and service 
income in these flood affected areas. Rural communi­
ties have suffered, not only from the direct property 
loss, but also from the economic base agricultural 
businesses provide.
Many actions were taken in advance of the flood 
to lessen the environmental impact from agricultural 
pesticides and fertilizers. The Illinois Department of 
Agriculture identified all retail facilities with the 
potential of being inundated by the approaching 
flood waters. As a result, the retail industry did its 
part in minimizing environmental impacts by 
moving inventories out of the flood plain and 
preparing their facilities for inundation. Few facilities 
were directly affected, so no significant release of 
agricultural pesticides or fertilizers into the flood 
waters occured at these sites.
Farm operators also did what they could to 
lessen the environmental impacts of the flood. In 
most cases, fertilizers and pesticides on inventory 
were moved out of the flood plain and very few 
releases have come to the attention of the Illinois 
Department of Agriculture. Unfortunately, in the 
case of livestock producers, it was impossible to 
prevent the release of effluent from confinement 
livestock operations into the flood waters. In many 
cases, farm-stored fuel was released as flood waters 
covered farmsteads. Some of these fuel releases and 
storage tanks posed both safety and environmental 
threats. Anticipating cleanup activities, the Illinois 
Department of Agriculture procured funding from 
USEPA for the pickup and disposal of pesticide 
containers found throughout the flood plain as 
waters receded, and made arrangements with 
manufacturers for the proper disposal of "orphaned" 
pesticides. The severity of this problem was less than 
anticipated, and all containers and compounds found 
to date have been properly disposed of.
Long-Term Implications
The true costs in dollars of the Flood of 1993 to 
the agricultural economy in Illinois are still un­
known. Not only was this loss felt in terms of lost 
production, but also in the large number of homes 
and farmsteads that were damaged or lost to flood 
waters. According to the best assessments currently 
available, there were over 1,200 farm homes, 2,600 
outbuildings, and 900 storage structures, for a total 
value of approximately $110 million lost to or 
damaged by the flood. It is impossible at this time to 
fully assess the damage done to farmland itself. 
Unfortunately, due to the inability of contractors to 
repair all breeches in the levees at this time, many 
acres still remain flooded. As a result, it is difficult to 
assess what damage has been done by scouring or 
the deposit of scour material.
Elected officials at both the local and state levels 
will be dealing with the long-term impacts the Flood 
of 1993 had on public policy. The way in which these 
policy issues are dealt with will have serious ramifi­
cations to farm producers and rural communities for 
years to come.
Flood Plain Management
There is a heightened awareness of flood plains 
and their uses and benefits to society. Certainly 
agriculture has a large stake in the use of flood plains 
that have been protected by an extensive levee 
system and developed into prime agricultural areas. 
The agricultural community supports having levees 
repaired and strengthened and protecting farmland 
for future production. Other interests have proposed 
that levees remain open or are designed to offer 
protection only at lower levels in order to provide 
wetlands and storage for subsequent flooding events. 
Several alternatives, including flood plain easements, 
outright acquisition, and wetland reserve programs, 
have been suggested as ways to accomplish the 
wetlands option. Much debate will occur regarding 
the use of these flood plain areas and their benefits to 
society, either as agricultural production or wetlands.
Development in Flood Plains
Many farmsteads were lost or damaged by 1993 
flood waters. The subsequent rebuilding of these 
farmsteads in the flood plain will affect the counties 
in which they are built. In order for counties to offer 
protection under the National Flood Insurance 
Program, they cannot issue building permits for 
structures that do not conform to the guidelines of 
this insurance program. It is impractical in many 
instances for farmers to comply with these regula­
tions regarding machine sheds and storage struc­
tures. Many counties throughout the flood plain
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asked federal administrators for variances in the 
portions of the National Flood Insurance Program 
pertaining to farm structures. In early November, 
FEMA announced changes in the program allowing 
for the reconstruction of storage and livestock 
buildings in flood-stricken areas; local communities 
are now developing ordinances to conform with 
these changes. However, farm homes are not in­
cluded in the new rules.
Economic Impacts on Rural Communities
Many counties throughout the flood plain are 
primarily agricultural in nature and depend upon 
taxes generated from agricultural production. These 
municipalities have been financially drained as a 
result of fighting the flood and repairing infrastruc­
ture damages resulting from it. If the real estate taxes 
derived from agricultural lands are decreased in any 
way, these already-weakened local governments will 
be unable to provide services. This may have a ripple 
effect to state government as well. Also, businesses 
that provide goods and services to agricultural 
producers may suffer as a result of policy decisions. 
Local unemployment will rise as jobs are lost and the 
overall business community will suffer.
Land Use Policy
As discussed previously, the use of flood plain 
areas as wetlands is being discussed as an alternative 
to intensive agricultural production behind levees 
within the flood plain. Policy decisions must account 
for the ability of state and federal governments to 
compensate landowners adequately for land taken 
out of agricultural production for alternative uses. As 
government resources become more scarce, state and 
federal programs may not have adequate funding to 
compensate landowners. Also connected with this 
debate is the subject of personal property rights and 
the landowners' ability to determine the use of their
property. Units of government will also need to 
determine the amount of publicly held land appro­
priate to meet the recreational and environmental 
needs of society.
Environmental Impacts
In many ways, the Flood of 1993 has had a 
positive impact as a result of a heightened awareness 
of the need for sound soil and water conservation 
policies. As government resources have dwindled in 
the past few years, expenditures for soil and water 
conservation controls through cost-share programs 
have decreased or been eliminated in some cases. 
Many policymakers are now aware of the need for 
adequate run-off controls in the upper sections of the 
watershed. There is now a strong effort to renew 
funding for soil and water conservation programs in 
order to control storm run-off in the upper reaches of 
the River basin.
The impact of agricultural inputs on surface 
water and groundwater during subsequent scenarios 
that involve the periodic flooding of agricultural 
areas actually increases the risks of contamination. 
The storage, application, and use of fertilizers and 
pesticides in the flood plain areas will need to 
account for environmental impacts.
Summary
In much the same way as the Mississippi River 
has shaped the physical boundaries of our state, it 
also shapes the lives and livelihoods of many of our 
citizens. Our state depends upon the Mississippi 
River and its tributaries as a link to world markets 
and for water and recreational needs. The Flood of 
1993 has reminded us that we cannot take this vast 
resource for granted, nor can we hope to tame and 
harness it completely for our own uses.
20
Effect of the Flood on Pests and Pesticides: 
Weeds and Herbicides
F. William Simmons
The unprecedented flooding in 1993 has left 
producers and an environmentally conscious public 
asking what happened to agricultural chemicals that 
were applied to soil prior to inundation. The majority 
of cropland flooding occurred after corn and soy­
beans were planted and after soil-applied herbicides 
and fertilizers had been applied. In many cases, 
producers planning a postemergence application of 
herbicide had their crop destroyed before any 
treatments had been made. Management decisions 
for the 1994 crop season should take into account the 
effects of flooding on cropland. Soil physical proper­
ties, soil fertility, insect, weed, and disease pressure 
may all be altered by the flooding. Although infor­
mation on soil properties and related chemical 
changes due to inundation is available, it deals 
primarily with intentionally flooded paddy soils or 
wetlands with existing adapted vegetation. Informa­
tion about herbicide and weed seed fate is scant so a 
discussion of the physical principles and some 
speculation follows.
Herbicide Fate in Flood Waters
Early indications from EPA data on Mississippi 
tributaries are that atrazine levels are about the same 
in this year's flood flows as they have been in high 
flow periods in past years. Ciba Corporation and the 
St. Louis Water Company have released early results 
from their monitoring. Ciba sampled five locations 
seven times each from July 15 to August 5, finding a 
highest atrazine concentration of 3.4 ppb, a low of 
0.20 ppb and an average range from 0.88 to 1.76 ppb. 
The St. Louis Water Company had similar minimum 
detections with a maximum of 6.4 ppb and an 
average of 3.01 ppb. In these samplings the peak 
concentration occurred in June, a week or two before 
the maximum flood stage was recorded. By late July 
the concentrations had fallen to 1 ppb. Since atrazine 
concentrations were similar to previous years while 
flows were much higher, it follows that the net
movement of atrazine into the river system was 
much greater this year. USGS reports that an average 
load of atrazine in the Mississippi passing a point 
near Thebes was around 12,000 lbs day1' whereas in 
the previous two years it was near 500 lbs day-1
Herbicide Transport
Herbicide transport in flood waters and attached 
to entrained sediment is dependent on the source of 
the water and the energy with which it moves. Water 
moving rapidly across recently treated fields will 
likely scour surface soils, bringing the sediment to a 
point where the energy is dispersed and deposition 
takes place. Sediments deposited in such a manner 
may be initially enriched with herbicide, while soil 
directly adjacent to high energy flooding or levee 
breaks may be denuded of finer soil particles and 
attached herbicide.
What about the potential for herbicide laden 
water dropping its entire load onto a field? Is the 
herbicide carried in the water a threat to subsequent 
crops? By making a few reasonable assumptions on 
the density of soil and using an atrazine concentra­
tion of 3 ppb in flood waters, we can estimate that 
each foot of water contains about 81 ug of atrazine 
over each square foot of soil. To achieve the equiva­
lent of 1 lb atrazine acre-1, approximately 70 feet of 
water column above the soil would be needed. The 
potential of herbicide carryover resulting from such a 
mechanism is remote. Of more concern are localized 
short range transported sediments that concentrate in 
small basins, bringing with them the sorbed herbi­
cides that reside in the near surface layer of soil.
Herbicide degradation processes will be affected 
by the change in soil and soil water conditions. 
Herbicides may be dehalogenated by reduction and 
hydrolysis; two processes that would be accelerated 
as anaerobic conditions developed under flood 
waters. Heterocyclic aromatic compounds such as 
atrazine may be hydrolytically dehalogenated; in
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fact, reducing conditions may speed the removal of 
triazines from soil and water. Aliphatic compounds 
such as alachlor may also be reductively 
dehalogenated in conjunction with certain bacteria 
and an anaerobic environment.
In summary, the load of atrazine removed from 
cropland by flood water was greater this year than 
previously and processes that remove herbicides 
from the soil were probably active enough to lead us 
to expect few recropping problems next year.
Weed Seed Dispersal
Weed populations this coming year will reflect 
the type of soil water conditions at the time of weed 
seed germination, the seed bank alterations of the 
flood, and tillage practices that take place prior to 
next year's planting. Like the crops that were planted 
prior to the flood, early germinating species were 
able to germinate and establish prior to the flood.
Many of these weeds were killed prior to the repro­
ductive stage of growth, thereby reducing the 
potential seed source. Some seed will lose vitality if 
submerged for prolonged periods of time, so seed 
banks and their germination ability may be affected. 
In turbulent mixing zones adjacent to rivers or levee 
breaks, a density sorting occurs. Denser particles like 
sand and gravel deposit quickly while lighter materi­
als are transported into quieter water before being 
deposited. Many weed seeds float and could be 
carried to the water's edge, then deposited in a band 
as flood water recedes. These areas may prove 
challenging for weed control and result in a dense 
and varied array of weed species.
The flood waters of 1993 will leave us with 
changed fields as they recede and producers need to 
take great care in observing soil conditions and 
scouting for pests in the coming crop season.
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Effects of the Flood on Pests and Pesticides 
Insects and Insecticides
Tom A. Royer and Michael E. Gray
The Great Flood of 1993 has come and (hope­
fully) gone, but it left many examples of its destruc­
tive force that will continue to remind us of its 
immense power. A flood of this magnitude will have 
many short and long-term effects on how agriculture 
is practiced in affected farmland. Some flood out­
comes are beneficial. For instance, riparian bottom 
land is traditionally very fertile and productive 
because it constantly receives new depositions of 
fertile soil. On the other hand, some land will have to 
be modified before it can be successfully farmed.
Sand lenses will have to be mechanically dispersed in 
order to achieve more uniform soil conditions for 
seed bed preparation and plant growth. Although 
unlikely, it is possible that flood waters carried 
chemical contaminants that could affect the soil. The 
flood will also affect agricultural pests such as 
insects, nematodes, and weeds that live in the soil 
and depend upon stable conditions to survive.
I want to focus on how the flood may affect 
insect pest populations in Illinois. Before insect pests 
are addressed, let's discuss some concerns about 
insecticide residues. Most insecticides used for 
agricultural production today are not very long 
lived. Some of the more chemically stable insecticides 
used in the 1950s and 1960s are still showing up in 
ground and surface water, but currently we are not 
adding any of these chemicals to the environment 
through their use in agriculture. Nearly all insecti­
cides used today have half lives ranging from 2 
weeks to 10 months. They are not likely to have 
much of an impact on how land is managed in the 
upcoming growing season.
The flood has had major environmental impacts 
and has undoubtedly affected some insect pests. 
However, others will remain virtually unaffected by 
the flood for several reasons. We can break down 
agricultural insect pests into four categories for an 
analysis of how the flood will affect them. The first 
group does not overwinter in Illinois, but migrates 
from southern overwintering grounds each year. The
second group does overwinter in Illinois, but they 
overwinter in areas located away from the agricul­
tural fields in which they feed and reproduce. The 
third group overwinters in the same area and will 
most likely be negatively affected. The fourth group 
actually depends upon periodic flooding to ensure 
survival.
Migratory, Non-overwintering Pests
The first group, those that do not overwinter in 
Illinois, include potato leafhopper, black cutworm, 
fall army worm, and many species of aphids. One 
could speculate that the flood might not affect them 
in any way. However, they can be indirectly influ­
enced. For example, black cutworm infestations are 
associated with the presence of newly germinated 
weeds in fields during peak moth migrations. In fact, 
the black cutworm is sometimes known as the "flood 
worm." Flooded areas may collect many weed seeds 
and serve as a "magnet" for insect pests that are 
attracted to newly germinated weeds.
Pests that Overwinter in Non-Host Habitats
The second group includes many species such as 
bean leaf beetle, cereal leaf beetle, chinch bug, and 
stink bug. They actually migrate from the area where 
they feed in order to find suitable overwintering 
shelter. The flood could affect these insects if they 
choose overwintering habitat encompassed by the 
flood waters. The impact of the flood on these insects 
will vary depending upon their mobility and propen­
sity to migrate into fields from surrounding areas.
Pests that Overwinter in Host Habitat
The flood can significantly affect a third group of 
insects. They tend to winter in the area in which they 
live. Some, like the European corn borer and the 
alfalfa weevil, overwinter above ground within crop 
residue. The major problem they face is that flooded
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areas did not sustain their host plant, so fewer 
reached an overwintering life stage.
The other group live below ground, and didn't 
have an opportunity to move from the soil profile in 
order to survive. Thus, the flood would have a direct 
effect on them. This group includes corn rootworms, 
white grubs, and wireworms. There is some litera­
ture that describes the impact of flooding upon 
survival of these soil-dwelling insects. South Dakota 
researchers noted that high soil moisture during 
early larval establishment tended to decrease sur­
vival of northern and western corn rootworms. In 
1938, flooding was studied for control of wireworms 
in Florida and has been researched by several 
scientists since then. The results of these studies 
show that wireworm mortality is increased by 
flooding, but the length of flooding and the ambient 
temperature that occurs during the flood have a 
major effect upon wireworm mortality. Warmer 
temperatures decrease survival of wireworms.
Pests that Benefit from Flood Waters
The final group of insects that are affected by the 
flood include some nonagricultural pests. Insects that 
live in water during some stage of their life probably 
benefit from flood conditions. I have noticed that 
water, ponded by wheel tracks from harvesting 
operations, often contains numerous mosquito 
larvae. They certainly benefit from all the water.
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Effects of Flooding on Pests and Pesticides:
Plant Pathogens
H. Walker Kirby
Plant diseases are affected by three factors, 
collectively known as the plant disease triangle. 
These factors, plus adequate time for disease to cause 
economic loss, govern the extent and severity of any 
plant disease.
The disease triangle is composed of a susceptible 
host, which can be any plant in the field; a pathogen 
capable of attacking that host; and a favorable 
environment, usually favoring the pathogen over the 
host. The interaction of these three factors forms the 
conditions needed for a disease to develop.
Of these three factors, environment is the most 
difficult to manage. Pathogens can be managed with 
host resistance, pesticides, rotations, and other 
means. Replacing a susceptible host crop with a 
resistant one can greatly reduce potential losses to 
pathogens.
Most plant diseases are favored by wet environ­
ments. In Illinois, only charcoal rot is favored by hot 
and dry conditions. The other major and minor 
diseases depend upon moisture levels ranging from 
damp to saturated in their environments.
Flooding by itself may not represent any major 
change in environment to either increase or decrease 
disease levels. However, extended wet periods can 
affect many soil factors that affect plant disease 
organisms. Oxygen content, changes in organic 
matter levels, soil compaction, siltation, and other 
such effects of flooding can certainly modify the 
environment and associated plant diseases. Each of 
these and many other factors can affect plant dis­
eases.
Virus diseases will also probably not be affected 
by the flooded conditions. Viruses are obligate 
parasites that depend upon a living host for repro­
duction. They can overwinter in insects and many 
weed hosts. Thus, even in flooded areas, some weeds 
may have survived or insects may reenter the area 
carrying virus pathogens with them. In Illinois, 
aphids and other vectors, or carriers, are often blown 
in from southern areas as storm fronts pass through
and are not greatly affected by conditions such as 
flooding. If flood waters transported large amounts 
of silt into an infected field and covered all infected 
plants, then virus survival would be lowered and 
disease levels could be reduced.
Nematodes on the other hand, can be trans­
ported by flood waters from one area to another. 
Soybean cysts, eggs, and juveniles of many species 
can be transported by flowing water. Thus, fields that 
did not have SCN populations or other nematodes 
could develop these in the future from infected 
materials brought in by flood waters. However, as in 
the previous examples, the chances of this type of 
introduction causing significant damage is very low. 
Soil sampling and early identification of nematode 
problems can reduce losses when combined with 
other integrated management strategies.
Flooding of fields can be a method of managing 
nematodes as well. Many developing countries use 
flood fallowing to reduce nematode numbers. Fields 
are kept underwater by dikes or other structures for 
extended periods to reduce nematode survival. 
Although nematodes vary in how they react to 
flooding, certain species can be reduced by a few 
months of flooded conditions. Others may take many 
months to control.
Fungi are the other pathogen group most likely 
to be affected by flooding. Certain pathogens, such as 
Fusarium species, do not survive well in flooded 
conditions and their levels may be reduced.
Fusarium species are responsible for diseases such as 
scab in wheat, ear rots in corn, stalk and root rots in 
corn, and SDS in soybean. Thus, the flooded condi­
tions may actually benefit some fields.
Unfortunately, there are other pathogens that 
thrive in flooded conditions. Both Pythium species 
and Phytophthora fungi are favored by flooded 
conditions. Both of these pathogens cause early 
season root rot and seedling blights, and can cause 
stand reduction when conditions favor their develop­
ment. These fungi produce a swimming spore, called
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a zoospore, in response to flooding. The zoospores 
are attracted to growing root tips by chemical 
attractants known as isoflavanoids, given off as a 
normal part of root growth. The flooded conditions 
make it easier for the zoospores to find the root tip 
and begin infection.
Therefore, some of these long-flooded areas 
could see an increase in root rots and seedling 
blights, particularly if silt has built up on the field 
and soil compaction has occurred. Management 
would be based upon reducing the compaction and
improving drainage, using appropriate fungicide 
treatments such as Ridomil or Apron, selecting 
resistant or tolerant varieties, and tillage where 
appropriate.
In general, the flooding of fields should not 
represent an increase in disease problems except 
where other agronomic factors such as compaction 
are present. In any case, the use of an integrated 
program such as outlined above should reduce losses 
and help maintain high yields.
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Effects of the Flood on Soil Conditions
J. C. Siemens and R. G. Hoeft
The Midwest rainfall and flooding during the 
summer of 1993 was a historic event of enormous 
proportions. It may be referred to as a "geologic 
event" because of the alterations it made to the 
landscape, particularly in the flood plains of the 
rivers in Illinois, Iowa, and Missouri. Also, thousands 
of crop acres were never planted or were destroyed 
by excess water in 1993. Several concerns have been 
raised relative to the possible effects of the floods and 
excess water on future crop production. Concerns 
include the possible effects of excessive deposition of 
sand and silt, of the water on soil fertility and soil 
compaction, and of soil erosion.
Deposition of Sand and Silt
Because of the duration, velocity and extent of 
the flood water, millions of tons of sand were depos­
ited on the flood plains. These sand deposits range in 
depth from a very thin layer to several feet. Sand 
deposits on top of silty or clayey soils—especially 
when deeper than 4 inches—may greatly decrease 
potential crop productivity. Sand does not have the 
water holding capacity to produce high crop yields 
without irrigation. However, with adequate fertility 
and water, sandy soils are very productive. For 
highly productive bottom land soils to once again 
produce high crop yields without irrigation, the sand 
will need to be removed, thinly spread over other 
areas, or mixed with the productive soils beneath it.
If the underlying or original soil is sand, sand 
deposited by the flood waters would not be expected 
to effect productivity.
To determine the impact of sand on bottom land, 
it is necessary to assess the depth and size of the 
deposit and the type of soil underlying the deposit. 
After an assessment has been made, there are several 
options depending on the depth of the sand, the soil 
type below the sand, and the funds available to 
improve the situation if deemed desirable.
For fields where sand was deposited uniformly 
up to 6 inches deep, moldboard plowing to a depth 
of twice the depth of the sand should mix the sand 
sufficiently to improve crop production. For uniform 
or scattered sand deposits deeper than 6 inches, deep 
tillage may be necessary using specialized equip­
ment. Large moldboard plows are available that are 
capable of plowing to depths up to 5 feet. Disk plows 
are also available that operate to depths of at least 2.5 
feet. Of course, plowing to depths approaching 5 feet 
is expensive—charges up to $600 per acre have been 
quoted.
Sand deposits also may be spread to other areas. 
Stockpiling the sand is an additional option. If 
removal, stockpiling, spreading, or mixing is too 
expensive, fields may be smoothed and farmed as is.
Soil Fertility
River bottom soils have traditionally been high 
in phosphorus and potassium fertility. In most fields, 
that will likely still be the case after the flood of 1993. 
However, to be certain, fields that were flooded 
should be tested to determine the actual nutrient 
content. Testing is especially important for fields that 
received heavy deposits of sand directly from a levee 
break, because in some cases, that sand is not fertile. 
However, nearly all of the sediment flowing down 
the rivers was derived from the most fertile areas of 
upstream neighbors. Therefore, where sedimentation 
was light or primarily silt, the fertility status of the 
field will probably be unchanged or higher than 
before the flood. If sedimentation was heavy, the 
soils should be tested for pH, P, K, and organic 
matter. Tests for organic matter and pH will be 
important for determining the kind and rate of 
pesticides to use in 1994.
Phosphorus availability is the primary soil 
fertility concern following flooding of a field. Work 
in California by Sah and Mikkelsen (1986) has shown 
that chemical reactions that occur during the flood-
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ing process result in an increase in phosphorus 
availability as long as the soils remain saturated. 
However, when those soils dry, the chemical reac­
tions reverse resulting in lower available phosphorus 
levels than before flooding. The decrease in availabil­
ity is greatest the first few days after drying. After a 
few months, phosphorus availability increases, but 
does not reach the level that was present before 
flooding.
In addition to the reduction in phosphorus 
availability created by the chemical reactions dis­
cussed above, there is concern about the possibility 
of the development of a situation referred to as the 
fallow syndrome. Fallow syndrome is a condition 
which results in a decrease in the ability of plants to 
absorb phosphorus. This situation has developed on 
land which was not cropped the previous year 
because of hail or flood or where the land had been 
mechanically fallowed to control weed growth. The 
problem is most frequently observed on corn. 
Characteristic symptoms of fallow syndrome are 
extreme stunting, purple or light green color, and 
poorly developed root systems.
Studies have shown that the fallow syndrome is 
due to unusually low levels of vesicular-arbuscular 
mycorrhizae (VAM) on the root system. Mycorrhizae 
are beneficial fungi that aid the plant in obtaining 
phosphorus from the soil. Flooding per se does not 
destroy the mycorrhizae, but when a host crop is not 
present, the fungi does not multiply and maintain an 
adequate population. Vivekanandanan and Fixen 
(1991) found that with low phosphorus soil test 
values, both growth and phosphorus uptake by corn 
early in the season following a year of fallow, was 
much less than corn following corn, soybean, or 
barley (Table 1). However, when phosphorus soil 
tests were high, there was no difference in early 
season growth or phosphorus uptake by corn follow­
ing a year of fallow compared to corn following corn, 
soybean, or barley. Data from this and other studies 
show that secondary tillage operations adversely 
affect the population of mycorrhizae.
Whether or not phosphorus deficiency will be a 
problem in 1994 on land that was flooded for long 
periods of time in 1993 cannot be accurately pre­
dicted at this time. Based on the limited data that is 
available, it appears that the problem is most likely to 
occur on low phosphorus testing soils where the crop 
was killed relatively early in the growing season. The 
potential for problems on high testing soils typical of 
most river bottom land appears to be low, even 
where a 1993 crop was not planted or was killed by 
the flood. Since the problem cannot be predicted with 
any certainty, the following precautions are being 
suggested. Seed oats in the fall as a means of estab­
lishing root growth to stimulate mycorrhizae activity. 
Oats are a crop that will establish rather easily even 
without tillage and will be winter killed. Thus, 
neither a herbicide nor a tillage operation will be 
necessary next spring to kill the oats. Oats will also 
provide a quick bio-assay to determine if there are 
toxic levels of pesticides in the soil. If the equipment 
is available, use a high phosphorus starter fertilizer 
when planting corn.
Reseach has shown variable effects of fooding on 
rhizobium activity the following year. As result, 
inoculation of soybeans to be grown on flooded 
fields is recommended.
Soil Compaction
Many studies have been conducted on the effects 
of soil compaction due to wheel traffic resulting from 
various tillage systems. However, no information 
seems to be available on the effects of flood waters on 
soil compaction. Soil compaction has been shown to 
cause decreased crop yields when it influences plant
Table 1. Cropping system and residual phosphorus (P) effects on P uptake of corn at the V6 
vegetative growth stage3
Tillage Prior 1987 1988
System Crop PbT2 P45 P12 P45
P uptake, mg/plant
Moldboard Plow Fallow 2.0 24.8 8.0 42.1
Moldboard Plow Barley 5.5 16.0 27.2 51.0
Moldboard Plow Corn 9.5 19.3 23.6 42.0
Ridge plant Soybean 15.6 23.8 32.7 42.1
Ridge plant Corn 9.5 15.3 20.5 32.5
a After Vivekanandanan and Fixen (1991)
b Soil test P levels in mg/kg established by applying 0 and 254 kg P/ha
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rooting distribution and depth and, thereby, de­
creases the uptake of adequate amounts of moisture 
and nutrients. Excessive soil compaction has also 
been shown to slow soil drainage to the extent that 
plants suffer from too much water. Too much water 
and poor soil drainage are the greatest soil compac­
tion related concerns for crops in 1994.
The water in many flooded fields in 1993 was 
several feet deep. A cubic foot of water weighs 62.4 
pounds. However, the pressure created by water 10 
feet deep is only about 4.3 psi. Furthermore, when a 
field is flooded the soil is often saturated or close to 
saturation. A saturated soil contains only soil par­
ticles and water, both of which are incompressible at 
the pressures created by water on a soil surface.
Excessive soil compaction can occur after the 
water drains away and the soil drys. As a soil drys 
after being saturated, the water goes into tension 
which tends to pull the soil particles closer together, 
which would cause the soil to become more com­
pacted. When the soil becomes sufficiently com­
pacted to interfere with plant root growth, nutrient 
uptake or adequate soil drainage crop yields are 
decreased. A tillage operation, when the soil is 
reasonably dry, is a possible solution to the problem.
It is expected that many fields that were flooded 
in 1993 will be excessively wet in the spring of 1994. 
These fields are likely to be wet in 1994 because of 
normal rainfall, high water table, and slow drying 
conditions during the winter. Wet soils are easy to 
compact with heavy wheel traffic and to puddle 
when tilled. A solution may be to delay any spring 
tillage as long as practical, especially for corn, or 
growing late planted crops like milo or soybeans.
Soil Erosion
A field without any plant residue on the soil 
surface due to the floods or ponded water in 1993, is 
very susceptible to soil erosion due to wind when the 
water drains. Fields on which there are deposits of 
sand or silt are also very susceptible to wind erosion. 
To reduce the wind erosion hazard, something 
should be planted as soon as possible or the soil 
surface should be made rough with a tillage opera­
tion.
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What to Expect from the Heavens in ’94
Steven E. Hollinger
Abstract
Accurate weather forecasts six to nine months in 
advance would be a great benefit to agriculture 
producers. Current technology does not allow 
accurate forecasts that far in advance. Therefore, 
correlations of weather patterns with El Nino, La 
Nina, volcano activity, sunspot, and lunar cycles are 
often used to indicate the weather a future growing 
season may experience. This paper evaluates the 
reliability of El Nino, La Nina, and volcano events in 
predicting Illinois growing season weather. It also 
describes a procedure for estimating the soil mois­
ture conditions for future growing seasons based on 
fall soil moisture conditions.
Current soil moisture conditions are such that 
there is a high probability that the 1994 planting and 
growing season will experience 
wetter than normal soil conditions.
These conditions will likely delay 
planting of spring crops in April and 
May of 1994. Normal to below 
normal soil moisture conditions in 
the spring of 1994 will occur only if 
much below normal rainfall is 
received before the first of May.
Precipitation statistics indicate that 
much below normal rainfall is 
expected in 1 out of 8 years. There­
fore, initial planning for the 1994 
growing season should be done with 
the expectation of delayed planting 
and above normal soil moisture 
throughout the summer.
Introduction
Hardly a day goes by that a 
farmer does not look to the sky.
Invariably the look is a worried one 
because it has been either too dry or 
too wet, too hot or too cold. The past
two growing seasons have provided periods for both 
concerns. In 1992, the spring was cool but very dry. 
By the first of July the state was on the brink of a 
severe drought (Figure 1). On the second of July 1992 
rains began to fall and soil moisture recovered to 
above normal conditions. Wet soil conditions in 
September and October delayed harvest and comple­
tion of fall field work, and the start of the 1993 
planting season. Luckily, rains stopped long enough 
in most areas of the state to get the crop planted. The 
wet spring was followed by a wet summer and early 
fall in Illinois and the Upper Mississippi River basin. 
These unusually wet conditions resulted in persistent 
flooding through spring and summer with record 
floods occurring along the Mississippi and the lower 
Illinois rivers.
Figure 1. Deviation of monthly soil moisture and precipitation 
for Illinois from October 1991 to October 1993. Soil 
Moisture values represent the state average as 
measured at 19 sites throughout the state.
Month of Year
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The extreme weather fluctuations of the past five 
years increases the concern for the 1994 growing 
season. Unfortunately there is no crystal ball that 
provides the desired weather forecasts. Sea surface 
temperature anomalies in the south Pacific, the June 
1991 eruption of Mt. Pinatubo in the Philippines, 
sunspot cycle, and the lunar cycle have all been used 
to explain the weather extremes. Claims for these 
'Tong range" forecast tools are difficult to substanti­
ate. Recent studies on the connection between the 
world's weather and the El Nino/Southern Oscilla­
tion (ENSO) have shown strong correlations between 
the ENSO and weather in certain regions of the 
world (Diaz and Kiladis 1992). However, connections 
between the ENSO and weather in the United States 
Cornbelt are weak and inconsistent. Comparisons of 
growing season rainfall with volcano eruptions do 
not show any consistent relationships. Weather 
cycles associated with sunspots and the lunar cycle 
have been used to forecast seasonal weather in the 
past. However, close scrutiny of the cycles shows 
that they are not totally reliable, and that at some 
unknown point the cycles change phase (Burroughs 
1992) and the forecasts become inaccurate.
Climate records of rainfall and temperature can 
be used to understand the normal rainfall patterns 
and probable variations from year-to-year. While 
such statistics provide an idea of what to expect on 
the average, they do not provide reliable information 
as to what might occur during any given year. 
Therefore, more conservative variables must be 
found that will allow more accurate forecasts than 
forecasting rainfall several months into the future.
Soil moisture is a variable that integrates several 
weather variables and changes less abruptly than 
rainfall and the other weather variables that drive it. 
The top 78 inches of the soil will hold approximately 
11 inches (Table 1) of plant available water. This 
water is removed from the soil surface through 
evaporation, and from deeper soil layers through 
plant transpiration. The rate at which water is lost 
from evaporation and transpiration is dependent 
upon the intensity of solar radiation, atmospheric 
humidity, air temperature, and the wind speed. The 
approximate maximum rate that water can be 
removed from the soil is 0.3 inches/day. This rate 
would occur on a sunny July or August day with low 
humidity, when the corn or soybean crop has fully 
developed canopies. Assuming all plant available 
water from the top 78 inches can be used by the crop, 
a crop in Illinois could, theoretically, survive 30 days 
without rain. In actual practice, Illinois crops will 
experience water stress after 15 to 20 days without 
rain in July or August. However, only in extreme 
droughts will rains fail to come more frequently than 
20 days apart. Therefore, soil moisture shortages can
Table 1. Maximum water holding capacity in 
each Illinois crop reporting district. 
Values represent the mean for the soils 
in each district. Individual soils may 
vary significantly from these values.
Crop Reporting District
Maximum 
Water Holding 
Capacity
Northwest (NW) 11.26
Northeast (NE) 10.95
West Central (WC) 10.94
Central (C) 11.62
East Central (EC) 11.26
West-Southwest (WSW) 11.21
East-Southeast (ESE) 11.16
Southwest (SW) 11.53
Southeast (SE) 11.54
State Average 11.27
be forecast earlier than rainfall shortages. Further, the 
shortage of rain needed for a drought to develop or 
to recharge the soil profile in the future can be 
computed. Once the rain amounts are known the 
probability of receiving that rain amount can be 
computed.
In addition to being less variable with time than 
rainfall, soil moisture is a major determining factor in 
when fields can be worked, and crops planted. It also 
affects the fate of nitrogen in the soil profile, and can 
have an impact on soil borne insects and diseases. 
Because soil wetness has such a big impact on farm 
management practices, projections of soil moisture 
can be more valuable than rainfall forecasts alone.
Soil Moisture Estimates
Two methods are used at the Illinois State Water 
Survey (ISWS) to estimate soil moisture. One consists 
of routine measurements of soil moisture at 19 
locations across the state. The other is modeled soil 
moisture (Kunkel 1989) using real time weather data 
collected by the Midwest Climate Center's (MCC) 
Midwest Climate Information System (MICIS).
A soil moisture history has been developed from 
1948 to the present using the soil moisture model and 
historical weather data. Figure 2 shows the state 
average soil moisture normals for the first of each 
month, and the change in soil moisture from the 
previous month. The largest monthly changes in soil 
moisture occur during July and August, and from 
October through December. The decline in July and 
August is due to the use of water by the growing 
crops. Recharge of soil moisture begins in October
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and is generally complete by the end of 
December. When recharge is complete, 
the soil moisture in the top 78 inches of 
soil is greater than the estimated field 
capacity.
Figure 3 shows the soil moisture 
conditions from January through 
September of 1988,1992, and 1993. The 
1998 data are shown because they 
represent severe drought conditions in 
Illinois. Soil moisture in 1992 started 
out drier than in 1988 but was wetter 
than 1988 by the first of June. This 
reflects the wet 1987-1988 winter 
followed by the dry 1988 spring. The 
extreme wetness of 1993 is easily seen. 
Soil moisture throughout the 1993 late 
winter, spring, and summer was equal 
to soil moisture after recharge is 
complete.
1994 Planting and Growing 
Season Outlook
Figure 2. Normal soil moisture on the first of each month and 
soil moisture change from the first of the previous 
month. Normal soil moisture represents the total 
water in the soil. Only a portion of that is available to
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Week of Year
The 1993 harvest and fall field 
work delays because of wet soil 
conditions will impact the 1994 spring 
field work and planting season.
Whether or not the spring planting 
season will be delayed depends to a 
great extent on March, April, and May 
1994 weather conditions. Unfortu­
nately, there are no weather prediction 
tools that extend beyond 90 days into 
the future. Those that do go out to 90 
days are not considered accurate 
enough for agricultural planning 
purposes.
The 1994 planting and growing 
season outlook presented here will 
include a look at reliability of the El 
Nino and volcano activity as "predic­
tion" tools. The probability of season 
rainfall and temperature conditions 
based on rainfall and temperature 
conditions of the preceding season will 
be explored. Finally, an analysis of soil 
moisture conditions and a procedure for projecting 
soil moisture into the future will be described. A 
forecast of the weather conditions will not be given. 
Instead a risk analysis for different types of sum­
mers—wet, normal, dry—will be presented. The risk 
analysis will be based on projected soil moisture 
conditions and the probability of receiving the 
rainfall necessary for each of the different summer 
conditions.
Figure 3. Plant available water on the first of each month from 
January through October in 1988,1992, and 1993.
Week of Year
Precipitation Climatology
The precipitation data used to describe a season 
are the normal rainfall statistics (mean and devia­
tion). Seasonal predictions are based on this statistic 
and worded in terms of above normal, normal, or 
below normal. These subjective terms are difficult to 
interpret without information that shows actual 
rainfall totals for the various prediction categories.
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Table 2. Mean and normal rainfall range for the spring and summer seasons for the nine crop 
reporting districts in Illinois.
Spring Summer
Crop
Reporting
District
Much
Below
Normal
(in)
Below
Normal
(in)
Normal
(in)
Above
Normal
(in)
Much
Above
Normal
(in)
Much
Below
Normal
(in)
Below
Normal
(in)
Normal
(in)
Above
Normal
(in)
Much
Above
Normal
(in)
NE 6.91 8.65 10.14 11.63 13.37 4.94 9.74 11.96 14.18 16.77
NW 7.04 8.65 10.03 11.41 13.02 7.43 9.80 11.82 13.84 16.21
WC 7.22 9.21 10.91 12.61 14.60 7.05 9.89 12.32 14.75 17.59
c 7.67 9.36 10.80 12.24 13.93 7.06 9.25 11.12 12.99 15.18
EC 7.55 9.55 10.77 11.99 13.99 7.35 9.43 11.21 12.99 15.07
w sw 7.99 9.78 11.31 12.84 14.63 7.07 9.05 10.75 12.45 14.43
ESE 8.56 10.30 11.79 13.28 15.02 8.06 9.47 10.68 11.89 13.30
sw 8.81 10.88 12.66 14.44 16.51 7.72 9.26 10.57 11.88 13.42
SE 9.66 12.00 14.00 16.00 18.34 7.68 9.13 10.36 11.59 13.04
Table 2 shows the 90 day March through May, and 
June through August normal rainfall and the thresh­
olds that define much below, below, above, and 
much above normal rainfall categories (Wagner 
1989). To be classified as below normal or much 
below normal, rainfall must be less than the respec­
tive below normal thresholds. Likewise, rainfall 
amounts must exceed the respective above normal 
thresholds to be classified as above or much above 
normal. Assuming the seasonal rainfall variations are 
normally distributed, there is a 60% chance that any 
given spring or summer rainfall will be either above 
or below the normal range, and a 25% chance that the 
season's rainfall will be either much above or much 
below normal. The probability that the rainfall will 
be either less than or greater than normal is approxi­
mately 30%. This indicates that rainfall can be 
expected to be below normal 3 years out of 10. 
Rainfall can be expected to be either much above or 
much below normal 1 year out of 8.
If the temperature and rainfall in a given season 
indicate what to expect in the following season, a 
study of the rainfall and climate should provide a 
valuable forecast tool. Table 3 shows the percent of 
seasons with temperature and rainfall classified as 
below normal, normal, or above normal, that were 
preceded by seasons with temperature and rainfall 
classified as either below normal, normal, or above 
normal. Because there are three categories, no 
relationship exists if the percent of observations in 
any category equals 33%. As the percent of observa­
tions increases above 33% the likelihood of that
seasonal category following the corresponding 
preceding category will increase.
Table 3 shows that a winter with below normal 
precipitation will tend to be followed by either above 
normal or below normal rainfall, accompanied with 
above normal temperatures in the spring. When 
winter temperatures are below normal the springs 
tend to have normal rainfall and above normal 
temperatures. Winters with normal temperatures 
tend to be followed by springs with below normal 
rainfall. While normal spring rains tend to follow 
winters with above normal temperatures.
All relationships between spring and summer are 
very weak. The strongest relationships are between 
springs with normal or above normal precipitation. 
Springs with normal rainfall tend to be followed by 
summers with above normal rainfall and below 
normal temperatures. Normal summer temperatures 
tend to follow springs with above normal rains. 
Cooler than normal summers tend to follow springs 
with normal rainfall. When spring temperatures are 
normal to below normal, summer temperatures tend 
to be close to normal.
The summer and autumn seasons tend to be the 
highest correlated. Autumns following dry summers 
tend to be dry and warm. Autumn temperatures 
show the strongest tendency of any season to follow 
the temperature pattern of the preceding summer.
For example, if the summer has been hotter than 
normal then the autumn will be warmer than nor­
mal.
33
Table 3. Probability that a given season’s temperature and rainfall will be below normal, normal, or 
above normal given the preceding season’s temperature and rainfall was below normal, 
normal or above normal.
Season
Variable
Observed
Conditions
Forecasted Conditions
Precipitation Temperature
Below
Normal Normal
Above
Normal
Below
Normal Normal
Above
Normal
Spring
Winter Below Normal 38 22 41 34 25 41
Precipitation Normal 30 39 30 27 39 33
Above Normal 30 39 30 36 36 27
Winter Below Normal 28 41 31 34 19 47
Temperature Normal 42 24 33 33 36 38
Above Normal 27 36 36 38 45 24
Summer
Spring Below Normal 36 33 30 36 36 27
Precipitation Normal 27 30 42 42 33 24
Above Normal 36 36 27 33 45 21
Spring Below Normal 33 30 36 36 36 27
Temperature Normal 21 45 33 33 30 36
Above Normal 45 24 30 30 33 36
Autumn
Summer Below Normal 50 22 28 34 22 44
Precipitation Normal 24 36 39 33 39 27
Above Normal 24 42 33 30 39 30
Summer Below Normal 38 38 25 38 34 28
Temperature Normal 27 33 39 27 45 27
Above Normal 33 30 36 33 21 45
Winter
Autumn Below Normal 47 22 31 41 25 34
Precipitation Normal 21 39 39 18 42 39
Above Normal 30 39 30 39 33 27
Autumn Below Normal 28 47 25 25 34 41
Temperature Normal 36 21 42 39 33 27
Above Normal 33 33 33 33 33 33
El Nino, La Nina, Volcano Effects
The El Nino and, to a lesser extent, volcanos have 
been cited as the cause of the extreme wet and dry 
seasons in Illinois during the past few years. Kiladis 
and Diaz (1989) present maps that show the regions 
of the world where weather is significantly correlated 
to the El Nino and Southern Oscillation (ENSO). The 
Southern Oscillation (SO) is a measure of the differ­
ence between the standardized sea-level pressure 
anomalies at Tahiti and Darwin, Australia. The 
midwestern part of the United States does not show 
any significant correlations with the SO.
Kiladis and Diaz (1989) define an El Nino year as 
one in which the sea surface temperature anomaly 
changes from negative to positive, the temperature 
deviation from normal is greater than 0.5° C, and the
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deviation lasts for at least three consecutive Figure 4.
seasons. The SO must also change from a
positive to a negative anomaly and the
anomaly must be greater than 1 millibar
below normal for three consecutive seasons.
Using this definition 21 El Nino years have 
occurred since 1900. Figure 4 shows the 
Illinois rainfall deviations from normal 
during each of the El Nino and La Nina 
years. A La Nina year is defined in a similar 
fashion as the El Nino except the tempera­
ture anomaly changes from positive to 
negative (cooler than normal sea surface 
temperatures), and the SO anomaly must 
change from negative to positive.
Attempts have been made to correlate 
volcano activity to Illinois spring and 
summer weather conditions (Handler and 
O'Neill 1989). Volcanic activity has been 
shown to affect the mean surface tempera­
ture of the northern hemisphere for up to 24 
months after a volcanic eruption (Sear et al.
1987). In the analysis below, seasons were 
considered to be under the influence of 
volcanic activity beginning with the season 
following the eruption and continuing for 
24 months.
Table 4 shows the number of springs 
and summers that rainfall was much below 
normal, below normal, normal, above 
normal, and much above normal in "non­
event" seasons; seasons affected by an El 
Nino, La Nina, or a volcano, or combina­
tions of volcano activity and the El Nino or 
La Nina. The distribution of rainfall anoma­
lies during the summer season is not 
significantly different from chance. How­
ever, spring anomalies are significantly 
different from chance with an a of 0.025.
The most interesting effect on the 
spring season is the tendency for La Nina 
springs to have below normal rainfall.
However, when a La Nina spring is also 
being affected by a volcano, rainfall tends 
to be normal to above normal. Notice that 
El Nino springs also tend to experience normal to 
below normal rainfall. This pattern does not change 
when volcanic activity is also included with an El 
Nino in the spring.
Based on the classification used by Kiladis and 
Diaz (1989), 1993 would not be classified as an El 
Nino year. However, El Nino conditions of warmer 
than normal sea surface temperatures, have persisted 
since 1991. A more accurate classification of El Nino 
or La Nina years is when the SO anomaly is more 
than 1 mb above normal or less than 1 mb below
Rainfall deviations experienced in the El Nino 
and La Nina summers from 1900 to 1993. El 
Nino and La Nina are defined by Kiladis and 
Diaz (1989).
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normal for the El Nino and La Nina years, respec­
tively. Table 5 shows the number of El Nino and La 
Nina years for the period 1951 to 1993 and the Illinois 
rainfall deviations. The data in Table 5 are analogous 
to that in Table 4. With this classification, El Nino 
and La Nina springs tend to have opposite rainfall 
anomalies. When the El Nino or La Nina spring is 
also being affected by volcanic activity, the sign of 
the anomaly tends to be reversed. For example, an El 
Nino spring will normally tend to have above normal 
rainfall in the spring. However, if the El Nino spring
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Table 4. Effects of El Nino, La Nina, and volcanoes on spring 
and summer rainfall anomalies. El Nino and La Nina 
years are defined using the Kiladis and Diaz (1989) 
scheme.
Much
Below
Season Type Normal
Below
Normal Normal
Above
Normal
Much
Above
Normal
Spring
Non-Event3 5 8 13 8 4
El Nino 2 2 3 1 1
La Nina 1 8 0 0 1
Volcano 3 2 9 3 0
El Nino + Volcano 1 2 8 1 0
La Nina + Volcano 0 0 3 3 1
Summer
Non-Event 6 9 15 3 4
El Nino 0 1 3 5 0
La Nina 1 2 4 2 1
Volcano 1 3 10 3 1
El Nino + Volcano 2 4 1 4 1
La Nina + Volcano 1 1 3 2 0
a A non-event season is not affected by an El Nino, La Nina, or a volcano.
Table 5. Effects of El Nino, La Nina, and volcanoes on spring 
and summer rainfall anomalies. An El Nino year is any 
year where the SOI anomaly is more than 1 mb above 
normal. A La Nina year is any year when the SOI 
anomaly is more than 1 mb below normal.
Much Much
Below Below Above Above
Season Type Normal Normal Normal Normal Normal
Spring
Non-Event3 1 1 2 2 0
El Nino 0 0 3 1 1
La Nina 1 3 2 1 0
Volcano 1 1 3 1 0
El Nino + Volcano 1 2 7 0 0
La Nina + Volcano 1 0 4 3 1
Summer
Non-Event 1 2 2 1 2
El Nino 1 0 1 2 0
La Nina 1 1 4 0 0
Volcano 1 0 2 2 0
El Nino + Volcano 0 3 2 5 1
La Nina + Volcano 0 3 5 1 0
a A non-event season is not affected by an El Nino, La Nina, or a volcano.
is within 24 months of a major 
volcanic eruption, the spring will 
tend to have normal to below 
normal rainfall.
Combined Soil Moisture and 
Precipitation Outlook
Given the weak signals from the 
seasonal rainfall probability correla­
tions, and from the response to El 
Nino, La Nina and volcano events, it 
is necessary to look at other meth­
ods to determine the possible 1994 
planting and growing season 
conditions. A soil moisture projec­
tion has been developed by first 
measuring or modeling soil mois­
ture at a given point in time to 
obtain a "starting soil moisture 
level." Normal monthly changes in 
soil moisture from the last measure­
ment are then added to the starting 
soil moisture to obtain estimates of 
the expected soil moisture at the 
start of each succeeding month. The 
expected soil moisture obtained 
represents that expected if normal 
rains occur. Figure 5 shows the 
expected plant available water 
conditions in 1988,1990, and 1993 
based on soil moisture conditions 
on October 1 of the previous year. 
Also shown in Figure 5 are the 
actual plant available water through 
the same years and the normal plant 
available water based on the 1948 to 
1993 data. The projections assume 
normal rainfall throughout the 
projection period.
A more useful analysis is to 
determine the amount of rain 
needed for normal soil moisture, 
extreme wet conditions similar to 
1993, or extreme drought similar to 
1988. These estimates are obtained 
by estimating the total monthly 
evapo-transpiration and soil water 
drainage (ETD).
ETD = AS -  P
In the above equation AS is the 
change in normal soil moisture for 
the month, and P is the normal 
precipitation for the month. The 
total rainfall needed (Pn) for soil
36
moisture to be at a specified level on any 
given month is then obtained by
n
Pn-Si-St+^ETDi
i=t
where Si is the desired soil moisture level, St is 
the beginning soil moisture at time t, and 
ETD is defined above.
The normal plant available water at the 
start of each month for the nine Illinois crop 
reporting districts is shown in Table 6. An 
extreme wet condition for this paper has been 
defined as soil moisture equal to maximum 
plant available water plus 2 inches. An 
extreme drought condition is defined as 50% 
of maximum plant available water.
Table 7 shows the total rainfall needed for 
an extreme drought, normal soil moisture, 
and extreme wet conditions to occur in 1994. 
These data are based on soil moisture condi­
tions on October 1,1994. How these rainfall 
amounts compare to that normally received 
from October 1 through the start of each 
month can be determined by comparing the 
rainfall amounts in Table 7 to threshold 
conditions given in Table 8. Such a compari­
son shows that at the state level, much below 
normal rainfall is needed to bring the soil 
moisture back to normal for all months from 
March to August. An extremely wet summer 
is projected if normal rainfall is received from 
the first of October 1993 to the start of each 
spring and summer month.
Implications For the 1994 Planting and 
Growing Season
Unless there is a volcanic eruption 
between now and next June, the 1994 spring 
and summer will not be under the influence 
of volcanic activity. The main concern will be 
the effect of an El Nino or La Nina. The latest 
forecast (Climate Analysis Center 1993) 
indicates that the El Nino event that began in 
1991 is continuing to persist. Therefore, the 
spring and summer of 1994 should be under 
the influence of an El Nino. Table 5 indicates 
that such conditions would tend to result in 
normal to above normal rainfall during 
March through May of 1994.
Soil moisture projections show a high 
probability that wetter than normal soil 
conditions will exist at the start of each month 
from March through August. This indicates 
that, at this writing, there is a greater prob-
Figure 5. Projected, actual, and normal plant available 
water in 1988,1990,1993. Projections are from 
October 1 of the previous year to the start of 
each month.
Week of Year
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Table 6. Normal plant available water at the beginning of each month for each Illinois crop reporting 
district.
Crop Reporting District
Month NW NE WC W EC w s w ESE SW SE State
Jan 11.91 12.34 11.65 12.45 12.48 12.15 12.72 12.97 13.64 12.48
Feb 11.37 11.75 11.20 12.03 11.78 11.76 12.43 12.52 13.35 12.02
Mar 11.27 11.54 10.96 11.97 11.51 11.73 12.34 12.44 12.91 11.85
Apr 11.35 11.67 11.32 12.15 11.95 11.77 12.08 12.52 13.11 11.99
May 11.84 12.00 11.89 12.34 11.97 12.03 11.97 11.89 12.60 12.06
Jun 11.70 11.63 11.46 12.17 11.74 11.64 11.71 11.86 12.13 11.78
Jul 9.79 9.97 9.34 10.11 10.17 9.44 9.42 9.42 9.69 9.71
Aug 7.76 7.49 7.24 7.94 8.20 7.56 7.85 7.02 7.38 7.60
Sep 6.99 5.96 6.82 6.82 7.33 6.39 7.39 7.14 7.38 6.91
Oct 8.19 7.46 8.52 8.46 8.13 8.16 8.36 8.72 8.55 8.28
Nov 10.36 9.79 10.12 10.16 9.63 9.58 10.19 10.14 10.58 10.06
Dec 11.40 11.40 11.07 11.65 12.04 11.13 12.45 12.11 12.57 11.76
Table 7. Total rainfall needed for an extreme drought, normal soil moisture, or extreme wet conditions 
to occur by the first of March through August in 1994.
Crop Reporting District
Month NW NE WC W EC WSW ESE SW SE State
Extreme Drought
Mar -1.14 -1.99 -1.32 -1.90 -0.19 -0.97 1.47 1.95 2.22 -0.21
Apr 1.57 0.90 2.00 1.24 3.07 2.44 5.30 6.36 7.40 3.37
May 5.16 4.49 5.39 4.80 6.42 6.09 9.38 10.20 11.57 7.06
Jun 8.54 7.79 8.90 8.59 10.40 10.08 13.71 15.24 16.96 11.14
Jul 12.86 12.22 13.28 12.58 14.48 14.17 17.78 19.00 21.28 15.30
Aug 18.75 17.86 19.76 18.58 20.25 20.28 24.29 25.29 27.77 21.43
Normal Soil!Moisture
Mar 4.50 4.08 4.17 4.26 5.69 5.16 8.23 8.62 9.36 6.01
Apr 7.29 7.10 7.85 7.58 9.39 8.61 11.80 13.11 14.74 9.72
May 11.37 11.02 11.81 11.33 12.76 12.52 15.77 16.32 18.40 13.48
Jun 14.61 13.95 14.89 14.95 16.51 16.12 19.84 21.33 23.32 17.28
Jul 17.02 16.72 17.15 16.88 19.02 18.01 21.62 22.65 25.20 19.36
Aug 20.88 19.88 21.53 20.71 22.82 22.24 26.56 26.54 29.38 23.39
Extreme Wetness
Mar 6.49 5.49 6.15 5.91 7.44 6.64 9.05 9.71 9.99 7.43
Apr 9.20 8.38 9.47 9.05 10.70 10.05 12.88 14.12 15.17 11.00
May 12.79 11.97 12.86 12.61 14.05 13.70 16.96 17.96 19.34 14.69
Jun 16.17 15.27 16.37 16.40 18.03 17.69 21.29 23.00 24.73 18.77
Jul 20.49 19.70 20.75 20.39 22.11 21.78 25.36 26.76 29.05 22.93
Aug 26.38 25.34 27.23 26.39 27.88 27.89 31.87 33.05 35.54 29.06
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Table 8. Normal cumulative rainfall and thresholds to define much below, below, above, and much 
above normal categories in each of the nine Illinois crop reporting districts from October 1 
through the first of the month listed.
Crop Reporting District
Month NW NE WC W EC wsw ESE SW SE State
Much Below Normal Threshold
Mar 6.21 6.68 6.59 7.06 6.99 7.57 9.02 10.13 11.36 7.96
Apr 8.22 8.83 8.67 9.46 9.60 10.72 12.60 14.41 15.97 10.94
May 11.64 12.26 12.17 13.10 13.56 14.12 16.25 17.38 19.23 14.41
Jun 14.82 15.28 15.41 16.50 17.02 17.84 19.70 20.95 23.14 17.85
Jul 18.03 19.03 18.48 19.28 20.14 20.68 22.80 24.46 26.90 21.09
Aug 21.65 23.15 21.61 22.84 24.27 24.19 27.16 28.33 31.04 24.92
Below Normal Threshold
Mar 8.07 8.79 8.82 9.30 9.47 10.09 11.70 13.10 14.25 10.40
Apr 10.40 11.22 11.44 12.06 12.28 13.37 15.37 17.40 18.94 13.61
May 13.96 14.81 15.07 15.76 16.15 16.92 19.11 20.89 22.79 17.27
Jun 17.51 18.16 18.76 19.47 19.90 20.93 22.97 24.91 27.23 21.09
Jul 21.24 22.08 22.31 22.81 23.41 24.23 26.45 28.54 31.03 24.68
Aug 25.06 26.12 26.10 26.57 27.58 27.96 30.74 32.39 35.13 28.63
Normal Rainfall
Mar 9.66 10.59 10.72 11.21 11.58 12.25 13.99 15.63 16.73 12.48
Apr 12.27 13.27 13.80 14.29 14.57 15.63 17.73 19.96 21.47 15.89
May 15.94 16.99 17.55 18.03 18.36 19.32 21.55 23.88 25.84 19.72
Jun 19.81 20.62 21.63 22.01 22.36 23.57 25.77 28.29 30.72 23.86
Jul 23.99 24.68 25.58 25.83 26.21 27.27 29.58 32.02 34.57 27.75
Aug 27.97 28.66 29.94 29.77 30.41 31.18 33.80 35.87 38.62 31.80
Above Normal Threshold
Mar 11.25 12.39 12.62 13.12 13.69 14.41 16.28 18.16 19.21 14.57
Apr 14.14 15.32 16.16 16.52 16.86 17.89 20.09 22.52 24.00 18.17
May 17.92 19.17 20.03 20.30 20.57 21.72 23.99 26.87 28.89 22.16
Jun 22.11 23.08 24.50 24.55 24.82 26.21 28.57 31.67 34.21 26.64
Jul 26.74 27.28 28.85 28.85 29.01 31.31 32.71 35.50 38.11 30.82
Aug 30.89 31.20 33.78 32.97 33.24 34.40 36.86 39.35 42.11 34.98
Much Above Normal Threshold
Mar 13.11 14.50 14.85 15.36 16.17 16.93 18.96 21.13 22.10 17.01
Apr 16.32 17.71 18.93 19.12 19.54 20.54 22.86 25.51 26.97 20.83
May 20.24 21.72 22.93 22.96 23.16 24.52 26.85 30.38 32.45 25.02
Jun 24.80 25.96 27.85 27.52 27.70 29.30 31.84 35.63 38.30 29.88
Jul 29.95 30.33 32.68 32.39 32.28 33.86 36.37 39.58 42.24 34.41
Aug 34.30 34.17 38.27 36.70 36.55 38.17 40.44 43.41 46.20 38.69
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ability for a wetter than normal planting and grow­
ing season, than for a normal or dry planting or 
growing season. For a significant large area drought 
to occur in 1994, the spring rains will need to be 
much below normal. Such a scenario is not impos­
sible, because the 1988 drought was set up by a much 
drier than normal period from March through May.
The delays in the 1993 harvest and fall field work 
will result in a greater work load in the spring of 
1994 to get prepared for planting. This additional 
spring field work will result in greater pressures on 
timely planting. Even normal rain in April and May 
are likely to result in delays in getting into the fields. 
Therefore, it is not too early to begin exploring 
options that will reduce the number of field opera­
tions before planting, or obtaining additional re­
sources for maximum machinery use during the 
periods that field work can be accomplished.
Because of the wet soil conditions during harvest 
and fall field work, and the potential for wetter than 
normal conditions in the spring, soil compaction will 
become a major concern. Shallow soil compaction (<
8 inch deep) will result in restricted crop rooting. The 
restricted root zone could make 1994 crops suscep­
tible to water stress in July and August even with 
normal rainfall and temperature..
The projected wetter than normal soil conditions 
throughout the growing season indicate a high 
probability for problems normally associated with 
wet soils. Nitrogen fertilizer management is a 
particular concern. On well drained soils, nitrates 
will be leached out of the root zone as water moves 
through the soils. Wet soil conditions result in 
greater leaching during each rain event, particularly 
smaller rain events. The wetter than normal poorly 
drained soils with high organic matter content will 
result in significant nitrogen loss through denitrifica­
tion when the soils become saturated, even for short 
periods of time (Torbert et al. 1993). Diseases and 
insects that are present in wet summers will be more 
likely to occur than those diseases and insects that 
normally occur in dry summers. Producers should 
begin now to plan for efficient nitrogen and pest 
management strategies for 1994.
Because the soils throughout the upper Midwest 
are wetter than normal, there is a greater chance for 
spring flooding of low lying areas. Areas that were 
problems in the spring of 1993 will also be highly
susceptible to problems in 1994. In spite of the wet 
soil condition outlook through the summer of 1994, 
there will always be some areas of the state where 
some water stress will occur. Areas with coarse 
textured soils and soils with natural claypans will be 
most susceptible to water shortages.
The projections in this paper will be updated 
during the January 1994 Agricultural Pesticides 
Conference.
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Control of Perennial Weeds In Southern Illinois
George Kapusta
Perennial weeds such as johnsongrass, 
quackgrass, and yellow nutsedge have been a 
problem in row crop production in Illinois for many 
years. More recently, perennial broadleaf weeds have 
become a common and serious production problem 
that is increasing annually. The major reason for the 
increase in perennial broadleaf weeds is the decrease 
in moldbroad plowing and tandem discing and the 
increase in no-tillage and the use of chisel and sweep 
type tools.
Major Perennial Weeds
Perennial weeds can be classified as upright 
broadleaves, vining broadleaves, grasses, and sedges. 
Those most commonly found in Illinois, especially in 
the southern half of the state are:
■ Upright Broadleaves 
Common milkweed 
Hemp dogbane 
Pokeberry 
Swamp smartweed 
Dandelion
Canada thistle (northern Illinois)
■ Vining Broadleaves 
Hedge bindweed
Field bindweed (northern Illinois)
Honeyvine (Climbing) milkweed 
T rumpetcreeper
Wild blackberry species (Dewberries)
Bigroot morningglory (Wild sweet potato)
■  Grasses 
Johnsongrass
Quackgrass (northern Illinois)
Wirestem muhly (northern Illinois)
■ Sedges 
Yellow nutsedge
Control Options
■ Selective herbicidal control in corn
■ Selective herbicidal control in soybeans
■ Between cropping seasons
• After wheat harvest
• After corn or soybean harvest
Selective Control in Corn.
■ Broadleaf Weeds. Banvel, 2,4-D or a combi­
nation of the two can give considerable control of 
many perennial broadleaf weeds if applied at high 
enough rates at the time the weeds are most suscep­
tible, which is the bud stage (shortly before flower­
ing). Unfortunately, these herbicides are not labeled 
at rates high enough in corn to achieve a high level of 
control because severe corn injury can occur. Further­
more, neither 2,4-D nor Banvel are labeled for 
broadcast applications beyond the eight inch stage of 
corn. Consequently, these herbicides are only mar­
ginally effective because of rate restrictions and weed 
tolerance at the labeled stage of application. Another 
option with 2,4-D following the eight inch corn stage 
is the use of drop nozzles. This practice is gaining 
popularity as custom applicators equip themselves 
with high clearance sprayers. A third option is the 
use of 2,4-D after corn has reached the hard dough 
stage. This also requires high clearance equipment. 
Regardless of application timing, selective applica­
tions of 2,4-D and Banvel provide only approxi­
mately 75% control of upright broadleaf weeds and 
50% or less of vining broadleaves such as 
trumpetcreeper, blackberry species, and bigroot 
morningglory.
■ Grasses. Accent and Beacon give a high level 
of control of some perennial grasses if applied 
properly, if the grasses are actively growing, and if 
the corn is growing vigorously. Growers should 
expect 90 to 100% control of certain grasses under 
optimum conditions. Under less favorable growing 
conditions, a repeat application may be necessary.
■ Yellow Nutsedge. Sutan+ and Eradicane are 
quite effective for the control of yellow nutsedge. 
Since they must be thoroughly incorporated, these
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herbicides do not fit no-till or even mulch-till in some 
instances. Dual, Frontier, and Micro-Tech used at full 
label rates and incorporated also control yellow 
nutsedge. However, use rates frequently are lower 
than maximum label rates, reducing their effective­
ness, especially if applied preemergence. Basagran 
postemergence also provides considerable control of 
yellow nutsedge if used at the 1 qt rate applied to 6 
to 8 inch nutsedge. Split applications of 0.75 pt plus 
0.5 pt is even more effective and consistent. Laddok 
usually is less effective than Basagran because the 
rate of Basagran is lower in the premix and usually it 
is applied only one time.
Selective Control In Soybeans
■ Broadleaf Weeds. There are no selective 
herbicides for the control of perennial broadleaf 
weeds in soybeans. Blazer and Cobra are used for 
suppression of vining broadleaves. The strategy is to 
defoliate the weeds without excessive injury to the 
soybeans, hopefully allowing the soybeans to 
"canopy" before recovery of the weeds. This is 
helpful in reducing competition during the season 
but does not control the weeds.
■ Grasses. Excellent control of perennial 
grasses has been available for many years with 
herbicides such as Assure II, Fusilade 2000, Option II, 
Poast Plus, and Select.
■ Yellow Nutsedge. Dual, Frontier, and Micro­
Tech control yellow nutsedge about equally if used at 
equivalent rates. However, for optimum control, full 
label rates should be used and incorporated. Since 
full rates are rarely used, control is less complete, 
especially if applied preemergence. Basagran 
postemergence at one quart per acre applied at 6 to 8 
inch nutsedge controls nutsedge but optimum 
control is achieved with a split application (see corn 
section).
Selective Application Equipment
Application of Roundup through "wipers" 
controls upright broadleaf perennials effectively. 
Weeds should be at least 6 inches taller than the 
soybeans to intercept enough herbicide without
causing excessive soybean injury. Use 1 gal of 
Roundup plus 2 gal of water for this application.
Non-Selective Control in Com and Soybeans
All perennial weeds start as small infestations, 
frequently at the entrance to fields. If the infestation 
is restricted to small areas, the most effective method 
for controlling perennials is to use a "knapsack" 
sprayer with Roundup. The loss of small areas of 
crop is well worth it in the long run.
Another alternative is "weed-stroking." Prepare 
a Roundup solution (3%), put on a long rubber glove 
with a cloth glove over it. Dip the cloth glove into the 
solution and stroke (wipe) the weed leaves. This is a 
very effective method without loss of crop and it's 
good for one's physique.
Control After Com or Soybean Harvest
Non-selective herbicides such as 2,4-D, Banvel, 
or Roundup can be used. The major problem with 
this approach is that harvest equipment cuts off or 
defoliates the weeds. There are few seasons when 
weed recovery after harvest is adequate (most 
effective stage is bud stage) before a killing frost for 
these herbicides to give adequate control.
Control After Wheat Harvest
The most effective time to control perennial 
weeds is following wheat harvest (in areas where this 
crop is grown). Tillage and/or herbicides can be 
used. Application of herbicides can be delayed until 
weeds are most susceptible (bud stage). Furthermore, 
full label rates can be used to obtain optimum 
control. If necessary, two applications can be made to 
obtain even more complete control.
Perennial Weed Control in the Future
Since the development of Roundup, few herbi­
cides have been developed, or even evaluated, for the 
control of perennial broadleaf weeds. As of 1993, 
there are no candidate herbicides being evaluated for 
this purpose. Consequently, many of the methods 
described above will likely be with us into the 
twenty-first century.
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Control of Perennial Weeds in Northern Illinois
David C. Feltes
Changes in tillage operations and more restric­
tive use of some chemicals have led to increased 
problems with certain perennial weeds. Perennial 
weeds cause control problems because they may 
persist through seed production and underground 
rootstocks. Timing of herbicide applications is very 
important to successfully control perennial weeds. 
With some chemicals, perennial grasses must be 
controlled before they reach certain heights. Fall 
applications of glyphosate when grasses are actively 
growing are often more effective than spring applica­
tions. Efficacy for control of perennial broadleaves 
will be greater if herbicides are applied in the late 
bud to early bloom stage. Applying a herbicide at 
this time of the year when the plant is moving food 
reserves into the root system can help to achieve 
acceptable control.
Problem perennial weeds in northern Illinois 
include: field bindweed (C o n v o lv u lu s  a rv e n s is); 
bigroot morning glory (Ipom oea  
p a n d u ra ta ); Canada thistle 
(C irs iu m  a rv e n s e); hemp 
dogbane (A p o c y n u m  
c a n n a b in u m ); and quackgrass 
(E ly trig ia  r e p e n s). Accent and 
Beacon (in corn) and Poast 
Plus, Fusilade, Assure II,
Fusion and Select (in soy­
beans) have helped to control 
perennial grass weeds.
Control of perennial 
broadleaves in corn and 
soybeans is much more 
difficult. Timing of the herbi­
cide application is most 
important and corn may 
require the use of drop 
nozzles. Perennial weeds do 
not infest a field in large 
patches overnight. Most 
infestations start from a very
small area and spread because they are not con­
trolled when initially discovered. Tillage and harvest 
operations may spread the perennial weed through­
out the field over a period of years.
Many times a producer may fail to put a con­
certed effort into the control of perennial weeds 
because he believes the weeds cause little yield loss. 
Lack of research information on yield loss from an 
infestation compounds this misconception.
Hemp dogbane is a perennial broadleaf weed 
that is becoming more of a problem in many fields in 
northern Illinois. As tillage is reduced, this weed 
tends to thrive and become more of a problem. The 
limited number of herbicides that aid in control 
compounds the problem. Growth regulator herbi­
cides are most widely used for control. Timing is 
critical to achieve control. In many instances, growth 
regulators are applied at the wrong growth stage 
with negligible impact on thetargeted species. Aerial
Table 1. Hemp Dogbane Control 1992
Treatm ent Rep 1 Rep 2 RepC
1 pass (6/04/92) 10 63 60
2 pass (6/04/92) 50 71 83
1 pass (6/12/92) 20 76 72
2 pass (6/12/92) 60 80 80
1 pass (6/24/92) 40 76 70
2 pass (6/24/92) 90 81 82
LSD (0.05) 0 7 10
REP 1: WHITESIDE REP 2: DEKALB REP 3: DEKALB 
R E P 2 & 3  FIRST TREATMENT APPLIED 6/5/92
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applications are sometimes 
used in corn in an attempt to
Table 2. Hemp Dogbane Control 1993
timing may be right, but too 
much of the product is inter-
Treatm ent Rep 1 Rep 2 Rep 3 Means
cepted by the crop canopy. 1 pass (6/17/93) 40 40 50 43
Some perennials can be 
controlled by putting a portion 
of a field infested with a
2 pass (6/17/93) 50 50 50 50
80problem perennial weed into 
set aside. Using a combination 
of mowing every 30 days with 
an application of the correct 
herbicide before frost or before
1 pass (6/24/93)
2 pass (6/24/93)
80
90
70
92
65
77
91
58
90
1 pass (7/12/93) 50 60
the foliage has dropped off 
will control some problem 
perennials.
2 pass (7/12/93) 
LSD 8.26
75 85 85 82
For the 1992 and 1993
growing seasons, on farm 
research for controlling hemp 
dogbane has been conducted.
A 33% solution of Roundup (1 Table 3. Soybean Injury 1993
gallon ofglyphosate in 2 
gallons of water) has been 
applied with a sponge wiper. Treatment Rep 1 Rep 2 Rep 3 Mean
Applications were made at 
different growth stages of 1 pass (6/17/93)
2 5 5 A
hemp dogbane. The trend in 
both years for greatest control
2 pass (6/17/03) 5 10 7 7
has been an application at late 
bud to early bloom. Control at 1 pass (6/24/93) 35 30 30 32
location one in 1992 (Table 1) 
was limited with the first
2 pass (6/24/93) 50 60 65 58
application because of rain 
shortly after application. 1 pass (7/12/93) 10 20 20 17
Soybean injury data was not 
taken during the first year of 
the research.
2 pass (7/12/93) 
LSD 7.34
25 40 35 33
The 1993 growing season
was much different than 1992
(Table 2). In 1992, corn and
soybeans grew slowly and
allowed wiping of hemp dogbane in both crops.
In 1993 (Table 3), injury to soybeans was most 
noticeable following the secondapplication. This 
application was followed by an unexpected rain 
within an hour. The rain seemed to increase the 
efficacy of that treatment. Soybean damage also 
increased, probably because the glyphosate was 
moved to the soybean leaves. The greater impact on 
both the soybeans and dogbane may be the result of 
the rain enhancing uptake, perhaps partly due to 
reducing the viscosity of the glyphosate and more 
thorough coverage.
Treatments receiving two passes exhibited the 
greatest control regardless of when the application
was made. When using the sponge wiper, it is very 
important to keep a six inch height differential 
between the sponge wiper and the soybean canopy.
Controlling hemp dogbane with the use of a 
sponge wiper will not eradicate the hemp dogbane in 
one year. All of the hemp dogbane will not be at the 
same height or above the soybean canopy at the same 
time. Applications will need to be made for more 
than one growing season before the problem can be 
brought under control.
The sponge applicator used in these studies was 
supplied by Smucker Manufacturing, Inc., 22919 N. 
Coburg Rd., Harrisburg, OR. 97446. It is referred to 
as a "Super Sponge."
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Rootworms and Risk:
Has the Threat Been Exaggerated?
M. Gray and K. Steffey
Introduction
Western and northern corn rootworms, Diabrotica 
virgifera virgifera LeConte and D. barberi Smith & 
Lawrence, respectively, may cause serious economic 
losses whenever corn, Zea mays L., is grown without 
rotation (continuous corn). The ability of each species 
to injure root systems of corn has been documented 
in the scientific literature since the 1880s. However, 
rootworms did not pose a significant threat to corn 
production until the late 1940s when producers 
started growing more corn without rotation.
Turpin et al. (1972) suggested that a root rating of 
2.5 on the Iowa l-to-6 scale represented an economic 
index of root damage. Since the early 1970s, the 
conventional wisdom of most economic entomolo­
gists who work with corn rootworms has been to 
accept a root rating of 3.0 as the economic "bench­
mark" for rootworm larval injury. Recently a re­
searcher in South Dakota proposed that a root rating 
of 4.0 is a more accurate economic injury index 
(Sutter et al. 1990).
During 1990 and 1991, we coordinated a series of 
on-farm experiments in 10 counties located through­
out the northern one-third of Illinois. The primary 
focus of this research effort was to determine the 
effectiveness of reduced application rates of soil 
insecticides for corn rootworms. By working within 
58 producers' fields in 1990 and 1991, we were able 
to begin formulating an estimate of how prevalent 
economic infestations of corn rootworms might be in 
"typical" continuous cornfields in northern Illinois 
(Gray et al. 1993). In 1990, 20 of 29 fields (69%) had 
root injury in the untreated check plots that averaged 
3.0 or greater on the Iowa root injury scale. The 
following year, only six fields (21%) had similar 
damage. By combining data from both years, we 
determined that only 26 of 58 fields (45%) had root 
injury at or above the so-called "economic injury 
index" of 3.0. If a root rating of 4.0 is used as the
economic benchmark, then not a single field in 1991 
had economic injury in the untreated check plots.
Because so many fields in our 1990 and 1991 
investigations did not require a soil insecticide 
application, we continued working with producers in 
a series of experiments designed to test their ability 
and willingness to scout fields and predict economic 
infestations of corn rootworms.
Objectives
In 1991 and 1992, we cooperated with 17 and 12 
farmers, respectively, in northern Illinois by provid­
ing them with yellow sticky traps (Pherocon AM 
traps) with which they monitored corn rootworm 
beetle densities beginning in July and lasting until 
early September. The potential usefulness of these 
traps as a monitoring tool for corn rootworms was 
evaluated in the early 1980s by researchers at Iowa 
State University (Hein and Tollefson 1985). Despite 
their name, Pherocon AM traps do not contain any 
pheromone or volatile chemical attractant. Instead, 
trap attractiveness to corn rootworm adults is based 
solely on their bright yellow color. As beetles alight 
on traps, they are snared by the sticky glue on the 
trap's surface.
Our objectives were to put Pherocon AM traps 
into the hands of farmers and to assess the practical 
utility of this sampling method. We wanted to 
determine whether producers would take the time to 
place 12 traps in a field, identify and count beetles, 
and change traps on a weekly basis throughout the 
summer. In addition, we wondered how accurately 
the traps would predict economic larval infestations 
the following season. The results of the 1991 monitor­
ing efforts and the matching 1992 root ratings have 
been reported previously (Gray and Steffey 1993). 
This paper will present the results of the 1992 moni­
toring efforts and the corresponding root ratings for 
the summer of 1993.
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Methods
During the summer of 1993, we dug roots from 
four treated and untreated strips within producers' 
fields. Predictions of larval injury based upon 
sampling efforts (beetle counts on Pherocon AM 
traps) in 1992 were matched with root rating data 
collected in July. Table 1 provides the following 
information for each producer's field: planting date, 
corn variety, tillage system, plot length, total number 
of roots dug, and planter type.
Results
Root rating averages for 1993 can be compared 
with the numbers of times the economic threshold (6 
beetles caught per trap per day) was exceeded in 
1992 by referring to Table 2. The threshold was 
exceeded at least once in 7 of the 12 producers' fields 
during the 1992 season. Root ratings taken in July 
revealed that root injury in the untreated check strips 
averaged at or above a root rating of 3.0 in only three 
fields, two (cooperators no. 4 and 6) of which ex­
ceeded the threshold the previous season. Numbers 
of beetles in one field in LaSalle County (cooperator 
no. 5) never exceeded the threshold in 1992; however, 
the root injury rating averaged 3.2 in the untreated 
checks for that field. In five fields the threshold was 
exceeded in 1992, but the root injury remained below 
economic levels in 1993.
Overall the accuracy of our predictions was 
below that of the first year of this study (Gray and 
Steffey 1993). We suspect that the record precipita­
tion levels experienced by many producers in 
northern Illinois may be at least partially responsible 
for these results. Early instar corn root worm larvae 
have difficulty in establishing soon after egg hatch if 
soil is saturated with water (Sutter and Gustin 1989). 
Despite the lack of predictive success in 1993, these 
results shed light on the "real world" problems that 
consultants or producers might encounter when 
using Pherocon AM traps or any other scouting 
approach. Mother Nature can make this line of work 
challenging!
Conclusions
In 1992, 7 of 17 producers' fields (41%) had root 
ratings in untreated strips that averaged below 3.0. In 
1993, 9 of 12 farmers' plots (75%) fit this description. 
Although the record level of precipitation in 1993 
may have been partially responsible for the low level 
of root worm pressure observed this year, from 1990 
through 1993,48 of 87 on-farm trials (55%) had root 
injury in untreated check plots that averaged below a 
rating of 3.0. When these data are examined, they 
suggest that many farmers involved in these experi­
ments and perhaps many producers in northern
Illinois are using soil insecticides on more continuous 
corn acres than necessary.
Determining the need for a soil insecticide based 
upon estimates of beetle density the preceding year 
has long been discussed and recommended by 
extension entomologists. Despite encouragement to 
scout and estimate corn rootworm adult populations 
the preceding season, most growers routinely apply 
soil insecticides each spring without any previous 
knowledge of the likelihood of sustaining economic 
damage. In essence, they purchase "rootworm 
insurance." An economic analysis of our on-farm 
experiments in 1990 and 1991 (Gray et al. 1993) 
indicated that many growers, particularly in 1991, 
lost money by using soil insecticides. If the negative 
environmental and grower safety and health exter­
nalities (Higley and Wintersteen 1992) are considered 
when a producer is deciding whether or not to use a 
soil insecticide, the routine and prophylactic practice 
of applying soil insecticides is less than an optimal 
strategy in the management of corn rootworms.
Has the threat of economic injury caused by corn 
rootworms been exaggerated? The results of four 
years of on-farm research in northern Illinois 
strongly point in that direction. Turpin and York 
(1981) elaborated on several reasons that contribute 
to the use of soil insecticides each year by growers 
across the Corn Belt: (1) use of worst-case data by 
manufacturers and sales representatives; (2) unjusti­
fied extrapolation of data; (3) improper potential 
yield loss summation made for a variety of insects;
(4) selective data use; and (5) use of biased averages 
(inclusion of extreme data). Their reasons remain as 
valid today as they were 13 years ago. However, 
producers shoulder most of the responsibility for the 
prophylactic use of soil insecticides targeted against 
corn rootworms each year. Until farmers are willing 
to monitor continuous cornfields for rootworm 
beetles the preceding season and utilize suggested 
economic thresholds, they will continue to utilize soil 
insecticides as a rootworm "insurance policy."
Although the use of Pherocon AM traps showed 
some promise for predicting economic infestations of 
rootworm larvae, particularly during the first phase 
of this project, we believe more testing is warranted. 
However, at some point, producers may have to 
assume some additional risks associated with 
sampling rootworm populations (regardless of the 
sampling methodology) and making predictions 
concerning the likelihood of an economic infestation. 
This change will likely come about when farmers 
begin to accept that most continuous cornfields don't 
harbor economic infestations of corn rootworms and 
they also begin to perceive that economic and 
environmental risks often outweigh the potential 
benefits of annual applications of soil insecticides.
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Table 1. Plot and equipment information for each cooperator
Cooperator 
no. and 
county
Planting
date
Corn
variety
Tillage
system
Plot 
length, 
roots per 
strip, and 
total roots
Planter type 
(no. of rows)
1
Dekalb
5/01/93 Dekalb
547
F.a chisel 
S.c cult.
400 ft.
20 roots 
80 total roots
IHb900 
(16 rows)
2
Dekalb
5/20/93 Renk 646 S. disk 
S. soil 
finisher
1,131 ft.
20 roots 
160 total roots
JDd 7000 
(12 rows)
3
Kane
6/01/93 Hughes
3885
S. disk 
S. cult.
3,600 ft.
20 roots 
160 total roots
IH 900 
(12 rows)
4
Kendall
5/13/93 Cargill
6927
S. disk 300-450 ft.
20 roots 
160 total roots
JD 7000 
(8 rows)
5
LaSalle
5/18/93 Cargill
6827
no-till 1,200 ft.
20 roots 
160 total roots
White 
(8 rows)
6
Marshall
5/10/93 Wyffels 
682 & 707 
Burrus 70
F. plow 
S. cult.
250 ft.
20 roots 
120 total roots
IH 800 
(6 rows)
7
Marshall
5/01/93 Pioneer
3417
S. plow 
S. cult.
1,320 ft.
20 roots 
160 total roots
White 5100 
(4 rows)
8
Ogle
5/12/93 NK 6330 S. cult. 512 ft.
160 total roots
JD 7000 
(12 rows)
9
Warren
5/13/93 DeKalb
591
no-till 1,150 ft.
20 roots 
160 total roots
JD 7200 
(8 rows)
10
Whiteside
5/12/93 Ciba
Geigy
4393
no-till 450 ft.
20 roots 
160 total roots
JD 7000 
(6 rows)
11
Whiteside
5/12/93 Pfiester
2417
F. disk 
S. disk
600 ft.
20 roots 
160 total roots
IH 900 
(4 rows)
12
Whiteside
5/11/93 Pioneer
3417
S. disk 850 ft.
20 roots 
160 total roots
IH 900 
(6 rows)
aF -  fall
bIH = International Harvester
CS = spring
dJD = John Deere
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Table 2. Pherocon AM trap counts for 1992 and root damage ratings for 1993
Cooperator 1993 root ratings15
no. and county Insecticide ETa status Treated Untreated
1
Dekalb Counter ET never exceeded0 3.3 ±1.0 2.8 ±1.0
2
Dekalb Force ET never exceeded 2.1 ±0.8 1.9 ±0.7
3
Kaned Force ET exceeded for 
weeks ending on 
8/10, 8/17, 8/24, 
and 8/31.
1.0 ±0.2 1.5 ±0.7
4
Kendall Thimet ET exceeded for 
weeks ending on 
7/31,8/7,8/14, 
8/21, and 8/28.
3.0 ±0.8 3.0 ±0.8
5
LaSalle Lorsban ET never exceeded 2.3 ± 0.5 3.2 ±1.2
6
Marshall Lorsban and 
Force
ET exceeded for 
weeks ending on 
7/12, 7/19, 7/26, 
and 8/2.
2.1 ±0.5 3.6 ±1.2
7
Marshall Dyfonate ET exceeded for 
week ending on 
8/5.
2.4 ±0.7 2.8 ±0.8
8
Ogle Force ET exceeded for 
weeks ending on 
8/1,8/8,8/15, 
8/22, and 8/29.
1.2 ±0.4 2.0 ± 0.4
9
Warren Lorsban ET exceeded for 
weeks ending on 
8/10,8/17, and 8/24.
1.9 ±0.7 1.8 ±0.6
10
Whiteside Counter ET never exceeded 1.2 ±0.4 1.3 ±0.5
11
Whiteside Counter ET never exceeded 1.1 ±0.2 1.5 ±0.5
12
Whiteside Counter ET exceeded for 
week ending on 
9/11.
1.3 ±0.5 2.1 ±0.7
aEconomic threshold of six beetles caught per trap per day (Hein and Tollefson 1985).
bRoot rating scale of 1 to 6 (Hills and Peters 1971); root rating means are followed by the standard deviation.
CA set of traps was left in the field from August 6 to September 7,1992; trap average was 5.83 beetles per trap per day. 
dField was flooded during the 1993 season; field planted June 1,1993.
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Corn Nematode Management
Dale I. Edwards
Corn is one of the more susceptible crop species 
to parasitism by nematodes. In excess of 40 species of 
plant-parasitic nematodes have been reported 
parasitizing corn or in association with corn produc­
tion. Lesion nematodes (Pratylenchus spp.) are the 
most commonly mentioned and widely distributed 
nematode parasites of corn, with 11 species being 
reported infecting or found in association with this 
crop. Other genera encountered, alone or in combina­
tion with each other, include dagger (Xiphinema), awl 
(Dolichodorus), lance (Hoplolaimus), needle 
(Longidorus), cyst (Heterodera), sting (Belonolaimus), 
stubby root (Paratrichodorus), spiral (Helicotylenchus), 
root-knot (Meloidogyne), stunt (Tylenchorhynchus), 
stem and bulb (Ditylenchus), and burrowing 
(.Radopholus) nematodes. Lance, lesion, dagger, spiral, 
and stunt commonly occur in association with corn 
in Illinois (Table 1). The needle nematode 
(Longidorus) is not widely encountered but is ex­
tremely devastating to corn on soils containing 50% 
or more of sand. Species in some of these genera 
often increase to large numbers during the growing 
season. However, there is still a lack of information 
demonstrating their pathogenicity on corn in this 
region.
Since most plant-parasitic nematodes are micro­
scopic in size and because they feed below ground, 
their damage is insidious. Growers are often un­
aware of nematode problems and attribute their 
above-ground symptoms or signs to other causes 
such as other diseases, nutrient deficiencies, herbi­
cide damage, or drought. The first important step a 
grower must take if nematode damage is suspected is 
to determine, through a diagnostic service, that 
indeed nematodes are present in suspicious areas 
and that population levels are high enough to cause 
economic losses. In order to correctly diagnose corn 
nematode damage, it is necessary to collect soil and 
plant samples from suspect areas and have them 
analyzed in a nematology laboratory. Crop systems 
personnel, IPM educators, and campus-based 
specialists in extension are excellent initial contacts
for growers because they can furnish information on 
how to collect and ship soil and plant samples and 
will usually know of university or private laborato­
ries that can correctly identify nematodes. The 
population level of each nematode species recovered 
is important information that should be furnished as 
part of the diagnostic service. The nematode popula­
tion level that a crop can tolerate before economic 
losses occur, commonly referred to as the economic 
injury or threshold level, will vary among nematode 
types and will be influenced by crop susceptibility 
and various environmental factors such as soil types, 
soil moisture, and temperature. Although economic 
threshold numbers are not absolute, they serve as our 
best tool in determining what management or 
combination of management measures will be 
profitable to the grower. Nematode numbers that 
constitute economic threshold levels have been 
determined for some nematodes parasitizing corn, 
and this information should be included in the 
nematode assay report, with some interpretation on 
the economic impact on crop yield. Often assay 
interpretations are difficult, especially when nema­
tode population levels are slightly above or below 
the economic threshold level. Nevertheless, this 
information is extremely important in formulating 
management approaches.
General Management Considerations
An ideal program to manage plant-parasitic 
nematodes of corn should integrate the following: 
detection, crop rotation, and in some cases the use of 
a nematicide. In addition, damage by nematodes is 
greater on plants that are under stress from other 
factors. Damage can be reduced by providing plants 
with optimum growing conditions, including ad­
equate moisture if possible, nutrients, and soil 
aeration. Controlling other diseases and insects also 
reduce plant stress. Research involving several 
species of plant-parasitic nematodes has shown that 
rotation and nematicides do not increase yield to
50
their full potential without these factors necessary for 
good plant growth and development.
Specific Management Considerations
Crop Rotation. Crop rotation has proven to be an 
effective control measure for plant-parasitic nema­
todes, especially those with narrow host ranges. 
Nematodes with wide host ranges are often able to 
either attack the alternate crop, causing damage to it, 
or sustain populations high enough on that crop to 
damage the highly susceptible crop that follows in 
the rotation. Most genera of nematodes in Illinois are 
able to attack a wide range of crop plants as well as 
weeds. Consequently, the first and most important 
step is to select crops that are immune or highly 
resistant to the nematodes present. The second 
requirement should involve the control of weeds that 
serve as hosts of nematodes, since the presence of 
such weeds in a field can sustain nematode popula­
tions and hinder the success of a rotation. The host 
status of many agronomic crops has been well 
documented in the scientific literature. However, the 
host status of weeds has not been as well defined. If 
growers are in doubt about the host status of crops 
and weeds, they should contact nematology special­
ists on their agricultural experiment station staff.
The length of the rotation is related to the 
magnitude of the initial nematode population and 
species involved. The higher the initial nematode 
population, the longer it may take to reduce it during 
the rotation. Nematodes with a resistant stage, such 
as cyst species, may require a long-term rotation of 
three to four years. For nematodes lacking a resistant 
stage, a short-term rotation of one to three seasons 
between susceptible crops will suffice. Just one year 
out of corn, for example, can significantly reduce 
populations of the needle nematode. Consequently, 
rotation appears to be the most promising control for 
this nematode if grass weeds are controlled.
Lesion nematodes (Pratylenchus spp.) have a 
wide host range. Two of the most important species 
in Illinois, P. hexincisus and P. scribneri, differ in their 
host range. P. hexincisus appears to prefer plants in 
the grass family and is found frequently with lesion- 
damaged corn. Rotating to soybeans will serve to 
reduce populations of this species. P. scribneri will 
parasitize both corn and soybeans, making the use of 
crop rotation less practical under Illinois cropping 
practices. Again, the first and most important step in 
establishing a successful rotation is to select crops 
that are immune or highly resistant to the nematodes 
present. Rotation should not be considered adequate 
to manage all corn nematode problems. As nematolo- 
gists learn more about the host ranges of individual 
species, crop rotation may become the most impor­
tant method of managing corn nematode popula­
tions, thus reducing the use of nematicides.
Nematicides. All nematicides labeled for use on 
corn in Illinois must be applied pre-plant or at 
planting. As a result, there is no remedial treatment 
available for nematode problems encountered during 
the growing season. Samples taken the previous year 
are used to determine if it will be economical to 
apply a nematicide the following year. Because of the 
cost of nematicides, it is extremely important that, 
through sampling, nematode populations are deter­
mined to be at a level to warrant the use of a 
nematicide.
Nematicides reduce nematode populations early 
in the growing season. Later in the season, after most 
or all of the active ingredient is gone, nematode 
populations have a tendency to increase. At harvest 
the nematode populations may be near, at, or above 
levels that would have resulted if the field had not 
been treated. The nematicide does the job the year it 
was applied but no benefits should be expected the 
following year.
There are approximately 12 nematicides avail­
able on the market. They are classified in two broad 
types: soil fumigants and nonfumigants consisting 
primarily of the organophosphates and carbamates, 
many of which were first used as insecticides. Soil 
fumigants are monetarily prohibitive for use on corn. 
Consequently, nematicides such as carbofuran, 
ethoprop, and terbufos became labeled and fre­
quently used to control corn nematodes. Granular 
formulations of carbofuran will no longer be labeled 
as a pesticide for corn beginning September 1,1994. 
The phase out was assessed entirely upon the 
perceived risk to birds. The phase out does not affect 
liquid formulations of carbofuran. (For recommenda­
tions on nematicide usage in Illinois, see: University of 
Illinois Pest Control Handbook, revised annually).
Resistance. The use of resistance varieties is the 
most practical and economical means of controlling 
nematodes. Today, we have resistance to one or more 
nematodes in 23 agronomic crops; unfortunately, 
corn is not among those listed. Resistance and/or 
tolerance in certain hybrids, inbreds, and single 
crosses has been demonstrated for root-knot, stunt, 
and spiral nematodes, but the incorporation of this 
resistance into commercial lines has not been pur­
sued.
The development of nematode resistant corn 
lines holds a great potential for managing nematode 
populations. Corn is a base crop in many rotation 
systems for a large part of the United States where 
field crops are grown. A resistant variety not only 
would confer protection to the immediate corn crop 
but would reduce nematode populations and afford 
protection to susceptible crops that follow. Conse-
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quently, crop rotations would be more practical and 
effective in a pest management system.
Conclusions
In an average Illinois field, as many as 10 differ­
ent plant-parasitic nematode species may exist 
together. The chances are good that one or more of 
these species can attack and damage crop plants 
utilized in rotations that include corn and soybeans. 
An ideal program to control corn nematodes should 
integrate detection procedures (recognition of 
symptoms and soil-plant analyses) rotations, reduc­
tion of other stress factors, and nematicide treatment 
where needed. If these procedures are properly 
applied, then the use of nematicides, which are costly 
and sometimes questionable additives to our envi­
ronment, can be reduced or even eliminated in favor 
of nonchemical control approaches.
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Table 1. Nematode genera associated with corn in Illinois, their importance, type of damage, and hosts
Genus Importance* Type of damage Some other hosts common to Illinois
Pratylenchus
(Root-lesion)
1-B Smaller-than-normal root system. Darkened 
and discolored roots. Moderate stunting.
Grasses, cereals, legumes, vegetables, tree 
fruits, strawberry, and pines. Host range is 
different for different species of root-lesion 
nematodes.
Helicotylenchus
(Spiral)
1-C Smaller-than-normal root system. Root decay. 
Mild stunting.
Grasses, legumes, tomato, strawberry, peach, 
pines, and many others.
Hoplolaimus
(Lance)
2-B Reduced root system. Darkened and discolored 
roots. Moderate stunting and chlorosis.
Grasses, legumes, tomato, pepper, pines, and 
many others.
Xiphinema
(Dagger)
2-B Severe plant stunting and chlorosis. Few 
fine feeder roots.
Grasses, legumes, ornamentals, strawberry, 
trees, and many others.
T ylenchorhynchus 
(Stunt)
2-C Smaller-than-normal root system. Moderate 
stunting and chlorosis.
Grasses, cereals, legumes, tomato, pepper, and 
many others.
Longidorus
(Needle)
2-A Severe stunting and chlorosis. Severe root 
pruning. Root system consists mainly of 
short, stubby, thickened side roots that 
appear somewhat swollen.
Grasses, potato, grape, lettuce, celery, and 
many others.
Paratrichodorus
(Stubby-root)
3-A Stubby lateral roots. Coarse roots. Excessive 
upper roots. Severe stunting and chlorosis.
Grasses, legumes, tomato, potato, cabbage, 
beet, ornamentals, and many others.
Belonolaimus
(Sting)
3-A Severe stunting and chlorosis. Small, coarse, 
devitalized root system.
Grasses, cereals, legumes, potato, cabbage, 
strawberry, pines, and many others.
“The number indicates how commonly the genus is involved in nematode problems in Illinois: 1-very common, 2-occasionally, 3- 
rarely. The letter indicates its potential for damage: A-very damaging, B-moderately damaging, C-damaging only at high 
populations.
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The Future of Soil Insecticides in the Corn Belt
Marlin E. Rice
It is estimated that 38 to 60% of the corn acreage 
in the United States receives at least one application 
of a soil-applied insecticide each year (Stockdale et al. 
1990; Levine and Oloumi-Sadeghi 1991). At a rate of 
one pound of active ingredient per acre, 26 million 
pounds of soil insecticides are applied to corn fields 
each year, and this is a conservative estimate. Illinois 
is probably representative of most of the Corn Belt.
In this state, approximately 88% of the continuous 
corn and 13% of the first year corn is treated with a 
soil insecticide aimed primarily at control of corn 
rootworms (Gray et al. 1993). Soil insecticides are 
formulated as liquids, granules, or dusts (seed 
treatments) and applied to corn at planting or 
cultivation for control of a variety of pests including 
northern and western corn rootworms, wireworms, 
white grubs, seedcorn maggots, seedcorn beetles, 
and several cutworm species. Most soil insecticides 
in corn are applied in granular formulations and are 
targeted against larvae of the western and northern 
corn rootworms.
The use of soil insecticides is a widely adopted 
practice by farmers, but this does not mean that they 
like doing it. More than three-fourths of Iowa farm­
ers agree that there is too much reliance upon 
insecticides and herbicides (Lasley and Kettner 1989). 
They are greatly concerned about human health and 
food safety issues in modern farming. Their two 
greatest concerns are the aerial spraying of pesticides 
and the use of insecticides. When they were asked to 
rate nine potential health and safety hazards on the 
farm, farmers perceived insecticides as more hazard­
ous than augers, herbicides, combines, and tractors, 
which were rated as the least hazardous of all! 58% of 
the farmers reported using an agricultural chemical 
that they thought had affected their health in some 
way.
On the other hand, most corn producers have 
realized that the most effective insect pest manage­
ment tool for preventing yield loss in continuous 
corn is an insecticide. Metcalf (1982) stated that
insecticides are highly effective, rapid in curative 
action, adaptable to most situations, flexible in 
meeting changing agronomic and ecological condi­
tions, and relatively economical. But he also noted 
that much misuse has occurred resulting in insect 
resistance, outbreaks of secondary pests, adverse 
effects on nontarget organisms, pesticide residues, 
and direct hazards to the user.
This article briefly chronicles some of the 
changes that have occurred with soil insecticide 
usage in the Corn Belt, along with the current 
situation. Then I speculate on two questions regard­
ing the future of soil insecticides: (1) Will corn 
producers continue to use soil-applied insecticides as 
they have in the past? and (2) What factors may play 
key roles in redirecting how soil insecticides are 
used?
A History of Change
Changes in soil insecticide use have been driven 
mostly by insect resistance, insecticide biodegrada­
tion, and adverse environmental impacts. An ex­
ample of each of these follows.
The picture of soil insecticide use began to 
undergo a rapid and dramatic transformation in 
1961. Western corn rootworms in central Nebraska 
had developed resistance to aldrin and heptachlor. 
These two cyclodiene chemicals were being applied 
to as much as 60% of the corn acreage in Illinois and 
Iowa (Metcalf 1982). Resistance in western corn 
rootworm populations spread outward from Ne­
braska at the rate of 70 to 120 miles per year and by 
1980 occurred throughout the Corn Belt. Insect 
resistance to aldrin and heptachlor opened the way 
for replacement of cyclodienes by organophosphates 
and carbamates, but the cost of these insecticides was 
two to five times more (Luckmann 1982) than the 
cost of cyclodienes.
One of the insecticides that replaced the no 
longer effective cyclodienes was carbofuran 
(Furadan), a carbamate. Although it was more
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expensive than the cyclodienes, it was effective and 
became widely used. Granular formulations of 
carbofuran were applied to 11.5% of the corn acreage 
in Iowa during 1977, only 5.5% fewer acres than the 
acreage treated with fonofos (Dyfonate), the most 
popular soil insecticide in the state that year 
(Jennings and Stockdale 1978). But the percentage of 
acres treated with carbofuran began to decline 
rapidly. In 1979, 8.9% of Iowa corn acres was treated 
with carbofuran. Acreage treated with carbofuran 
dropped to 2.9% in 1985, and finally to 1.1% in 1990 
(Hartzler and Wintersteen 1991). An increase in 
rotated corn acres may have been partially respon­
sible for this decline, but during this time period 
carbofuran also was failing to prevent corn rootworm 
damage. Resistance was suspected because of the 
recent experience with cyclodiene failures, but this 
did not prove to be the cause of the problem. Re­
searchers found that carbofuran broke down and 
failed to protect corn roots in fields where the 
insecticide had been used previously. Entomologists 
evaluating the situation labeled it as enhanced 
biodegradation. Enhanced biodegradation is a 
phenomenon where a soil-applied insecticide is 
rapidly degraded by microorganisms that have 
adapted to the chemical because of previous expo­
sure to it or a similar pesticide. The result is a failure 
of the insecticide to control the insects because of a 
lack of residual persistence (Racke and Coats 1988; 
Felsot 1989). Fewer and fewer farmers used 
carbofuran because of this performance failure.
Carbofuran's problems were compounded in the 
1970s and 1980s when the insecticide was found to be 
responsible for killing birds. Carbofuran is acutely 
toxic to birds and a single granule may kill a small 
bird. Unintentional poisonings had caused the death 
of waterfowl, song birds, and raptors. Direct poison­
ings, where birds were eating granules from the field 
as grit for their gizzards, caused more than 40 
separately reported bird kills involving more than 
2,000 birds (Environmental Protection Agency 1989). 
Secondary poisonings also occurred when bald 
eagles, red-tailed hawks, red-shouldered hawks, and 
marsh hawks fed on poisoned smaller birds. Under 
the auspices of the Endangered Species Act, which 
prohibits the killing of species designated by the 
Department of Interior as endangered or threatened, 
the Fish and Wildlife Service determined that the 
continued use of carbofuran threatened the survival 
of several endangered species. In 1989, the Environ­
mental Protection Agency began the process for 
either limiting the use of granular carbofuran or 
canceling its registration completely. The EPA later 
reached an agreement with FMC Corporation (the 
major manufacturer of carbofuran) to eliminate the
use of granular formulations on corn in the United 
States. Sale and use in corn will be permitted through 
August 31,1994, but only if the bag specifies corn on 
the label.
The Present Situation
With granular carbofuran exiting the scene, FMC 
is trying to maintain a foothold in corn by generating 
interest in a liquid formulation (Furadan 4F) for use 
against corn rootworm larvae. Applications of liquid 
carbofuran may reduce some of the bird kill disasters 
that were partly responsible for the demise of the 
granules, but already a documented incident has 
occurred where a mixture of carbofuran and 
dimethoate applied by air killed 40 Canada geese in 
Idaho (Marsh 1993). The emphasis by FMC will be on 
custom application of Furadan 4F, often tank mixed 
with a herbicide and applied after the corn emerges. 
The 1993 label stated that Furadan 4F should be 
sprayed between May 15 and June 15, a rough 
estimate of when corn rootworm larvae normally 
begin to hatch in the Corn Belt. This later application 
date, instead of application at planting, also might 
remove some of the performance limitations associ­
ated with enhanced biodegradation because there 
will be less time for the insecticide to be degraded by 
soil microbes before rootworms begin to hatch. 
Flowever, another issue related to Furadan 4F is its 
performance. Not enough university field tests have 
been conducted across the Corn Belt, under a broad 
spectrum of environmental conditions to determine if 
liquid carbofuran applied at crop emergence is as 
effective as the granular insecticides applied at 
planting. Perceptions about cost, performance, safety, 
and environmental impact will determine the future 
for liquid carbofuran in corn.
No new chemistry is expected to be registered 
for use in corn for the 1994 crop year. The last new 
soil insecticide to enter the market was tefluthrin 
(Force), a pyrethroid-class insecticide, which first 
became commercially available in 1989.
Looking to the Future
As we look to the future, the question arises as to 
whether we will still have and should still be using 
soil insecticides. It is important to realize that new 
insecticides can be registered only if they do not 
cause an unreasonable risk to humans or the environ­
ment, taking into account the economic, social, and 
environmental costs and benefits of the use of the 
pesticide (Environmental Protection Agency 1989). 
Let's examine some of the factors that may redirect 
our reliance on soil insecticides in the future.
Environmental concerns. We have witnessed 
what can happen to a granular insecticide when its 
use created an environmental liability. An obvious
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question is, "Are there any problems with the 
remaining soil insecticides?"
One place to begin looking is with the concern 
about contamination of groundwater in rural areas.
In Iowa, the State-Wide Rural Well-Water Survey 
was the first study to document the estimated extent 
of groundwater contamination in rural private wells. 
Between April 1988 and June 1989, 686 wells were 
sampled. Samples were collected from 3 to 17 wells 
in every Iowa county. Ten percent of the wells were 
sampled twice, and some wells were sampled 
quarterly.
Soil insecticides analyzed for, but not detected, 
were carbofuran (Furadan), chlorpyrifos (Lorsban), 
diazinon, dimethoate (Cygon), ethoprop (Mocap), 
fonofos (Dyfonate), malathion, parathion, phorate 
(Thimet), and terbufos (Counter). Two metabolites of 
Furadan were detected in 0.8% of the wells, but little 
is known about the environmental significance, 
persistence, and health effects of these metabolites. 
Unfortunately, when this study was conducted, it 
was during two of the driest consecutive years in 
Iowa's recorded history. I consider these results to be 
preliminary, but they suggest that our soil insecti­
cides are not posing any significant threat to our 
water supply.
It would not be an understatement to presume 
that the public in general, and even some in the 
scientific community, are hostile to insecticides. A 
recent extension publication from Iowa State Univer­
sity argues that pesticides in prairie wetlands can be 
particularly devastating to waterfowl populations 
(Hamilton 1993). It is undeniable that many insecti­
cides are either acutely or chronically toxic to wild­
life, but no examples of such an impact are given in 
this publication. As a society we are bombarded with 
the perceived evils of insecticides, and to many, 
perception is equated with reality. The National 
Academy of Sciences (1969) wrote that "contrary to 
the thinking of some people, the use of pesticides for 
pest control is not an ecological sin." We must also 
realize that abuses have occurred that have resulted 
in insect resistance, outbreaks of secondary pests, 
adverse effects on nontarget species, and hazards to 
the user (Metcalf 1982). Public perception about 
pesticides (in the broad sense) may define the rules 
of the game and largely determine the future of soil 
insecticides.
Governmental regulation. There is an abundance 
of federal regulations designed to ensure water 
quality from wetlands to groundwater to drinking 
water. These include the Clean Water Act, Safe Water 
Drinking Act, Endangered Species Act, Great Lakes 
Initiative, The Farm Bill, and the Federal Insecticide, 
Fungicide and Rodenticide Act. Any of these pieces 
of legislation could alter the future of soil insecti­
cides. The two from this group that I think are the 
most ominous are the Endangered Species Act and 
The Farm Bill.
The Endangered Species Act, which prohibits the 
killing of species designated by the Department of 
Interior as endangered or threatened, has the poten­
tial of further restricting soil insecticide usage. This 
legislation may result in restrictions issued on a 
county-by-county basis prescribing when and where 
certain soil insecticides can be used. Before granular 
carbofuran met its regulated demise, the label stated 
that the product should not be used in several listed 
counties in Texas and California because of the 
potential for poisoning Attwater's greater prairie 
chicken, Aleutian Canada goose, and the Kern 
primrose sphinx moth. The label informs the user to 
determine if these species are located in or immedi­
ately adjacent to the area to be treated. County 
specific restrictions would cause headaches for most 
farmers working in the designated areas.
The other future legislation that could influence 
soil insecticide use would be a new Farm Bill, but not 
necessarily the next one. Additional acreages of 
highly erodible land could be taken out of produc­
tion, thereby decreasing insecticide use. Then if 
environmentally-oriented legislators ever learn that 
most soil insecticide use, particularly for corn root- 
worms, on the remaining corn acres could be elimi­
nated by crop rotation, this could conceivably 
become a requirement for participation in govern­
ment subsidized programs. Mandatory crop rotation 
would cause soil insecticide use to plummet.
I envision a time when stricter regulations will 
require that all insecticides be labeled as "restricted 
use" and a product could not be purchased or 
applied until the user has fulfilled requirements for 
understanding the environmental impacts of misuse 
and human health hazards of mishandling that 
particular insecticide. I would advocate additional 
regulations that require proven environmental and 
health awareness by the user. This action would be 
beneficial to everyone involved in farming. It would 
show the general public a commitment by farmers to 
a higher level of environmental stewardship.
Some proponents of tighter restrictions on 
insecticides have predicted use only by prescription, 
with the rates and materials determined by certified 
crop advisors. This would be analogous to the 
medical profession, where many drugs are not 
available unless warranted by a firsthand examina­
tion of the problem and diagnosis for a cure. The 
pesticide prescription concept initially could be a 
nightmare for the farmer. If pest outbreaks occurred 
during the first several years of such regulation, 
many farmers would find themselves on a waiting 
list to have their fields scouted, if help was even
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available. The damage could be done and the insects 
gone by the time a remedy was prescribed. However, 
pesticide prescription should generate a market for 
crop consultants to scout more acres on a timely basis 
with insecticides used only when and where needed. 
The debate on soil insecticides would center around 
the reliability of predicting damage from corn 
rootworm larvae based on adult counts the previous 
year. The idea that an optimal strategy for managing 
rootworms would be to treat corn following corn 
with an insecticide at planting, and not to sample for 
adults the previous summer (Foster et al. 1986), 
would certainly challenge the pesticide prescription 
approach.
Industry influences. It is likely that all of the 
major insecticide manufacturers are searching for 
new chemistry with activity against corn rootworm 
larvae. The search is for new products that are 
environmentally friendly with low toxicity to mam­
mals, birds, and aquatic organisms, but that will also 
kill corn insects. This is a large endeavor that may 
cost a company $18-20 million in developmental and 
registration costs before a new product is brought to 
market. Two agrichemical companies, Miles and Du 
Pont, both envision a place for new corn rootworm 
chemicals in the near future. Miles has developed 
Aztec, an organophosphate and pyrethroid mixture, 
and Du Pont has developed Fortress, an organophos­
phate insecticide. Both of these insecticides are very 
effective in protecting corn roots from larval injury at 
application rates that are considerably lower than 
current label rates for registered products. Tests 
conducted by Iowa State University show that 
excellent root protection has been obtained when 
Fortress was applied at one-fifth pound per acre (2.9 
ounces a.i./acre) and Aztec was applied at one- 
seventeenth pound per acre (0.91 ounce a.i./acre).
Adult com rootworm control. This concept holds 
tremendous potential for redirecting our thoughts on 
rootworm management. As stated by Steffey and 
Gray (1993), the concept is simple and elegant, just 
kill the beetles before they lay their eggs. They gave 
an excellent overview of the current status of this 
strategy. Several limitations, including required field 
scouting, public perceptions about widespread aerial 
application, and short residual activity of the insecti­
cides, will prevent this concept from being widely 
adopted and replacing soil insecticides in the imme­
diate future.
Bioengineered resistance. This is the new fron­
tier. Both agrichemical and seedcorn companies are 
racing to develop genetically engineered plants that 
are resistant to corn rootworms. Mycogen Corpora­
tion claims to have developed such a corn plant, but 
publicly available data are lacking and the 
mechanism(s) of resistance is (are) stated as propri­
etary (Mike Sund, personal communication). So we 
haven't had a chance to scrutinize the material and 
determine its actual ability to resist rootworm larvae 
under field conditions in the Corn Belt.
An example of a recent biotechnology advance is 
control of European corn borer larvae. Ciba Seeds 
has developed transgenic plants that contain a 
synthetic protein fragment of Bacillus thuringiensis 
(B.t.), a common biological insecticide. Field tests 
have been conducted with 300 corn borer larvae 
applied to corn plants for eight consecutive weeks for 
a total of 2,400 larvae per plant. Plants with high 
levels of the B.t. protein resulted in 100% mortality of 
the larvae (Koziel et al. 1993). If similar levels of bio­
engineered resistance are developed for rootworm 
control and can be placed in elite hybrids without 
sacrificing high yields, then soil insecticide use could 
be substantially reduced. However, the development 
of corn rootworm resistance to bioengineered plants 
would necessitate the need for alternative methods of 
control, including insecticides.
Farmer practices. The past several years have 
ushered in a gradual change in soil insecticide use by 
farmers. Research on reduced rates of soil insecti­
cides has been conducted by land-grant universities 
in the Corn Belt. Results have shown that root 
protection with any insecticide is similar at its full- 
label rate and a 3/4-label rate, or sometimes as low as 
1/2-label rate. Many farmers have implemented 
these research findings, even though no extension 
entomologist has officially recommended a lower or 
optimum rate, primarily because of product perfor­
mance liability concerns. Farmers have embraced the 
reduced rate concept, but are there any real gains to 
be made by using reduced rates? Gray et al. (1993) 
stated that farmers can reduce the risk of environ­
mental contamination, lessen the potential adverse 
effects on nontarget organisms, and save unneces­
sary costs associated with an insecticide treatment. 
An economic analysis of on-farm trials during two 
years showed that economic returns were highly 
variable. When rootworm populations cause root 
injury ratings equal to or greater than 3.0 in un­
treated plots, then plots treated at the full-label rate 
returned more profit than plots treated with the 3/4- 
label rate. When untreated plots had root ratings less 
than 3.0, then the economic advantage was with the 
3/4-label rate over the full-label rate; the 3/4-label 
rate either returned more profit (1990) or lost less 
money (1991). The 1991 rootworm populations 
weren't large enough to cause economic damage, 
therefore the insecticide was an unnecessary expense. 
All of this points once again to the recommendation 
by most entomologists that farmers need to the have 
their corn fields scouted in the summer to determine 
the need of a soil insecticide the following spring.
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Realistically, this is not going to happen unless 
pesticide prescription use is implemented and some 
estimate of the pest population potential is required.
In 1995, some farmers may get to use a new 
innovation that is now being tested for the soil 
insecticide market. It is called a Smartbox® and is 
being developed by Zeneca, Du Pont, and Scienco 
Products. The Smartbox fits on the planter in place of 
the insecticide box. There are several improvements, 
however, that make the Smartbox superior to the 
standard insecticide box. First, the Smartbox contains 
a computer chip that regulates the rate of insecticide 
to be applied based on the ground speed of the 
tractor. Any concern about achieving the desired 
application rate with standard boxes is now elimi­
nated. An electronic control system mounted in the 
cab is wired to each Smartbox and regulates the flow 
of insecticide; it even shuts off the units during 
planting if needed. Second, the Smartbox is designed 
as a closed system. The Smartbox comes from the 
chemical company prepackaged with insecticide and 
cannot be reopened by the farmer. This will eliminate 
the need to handle, open, and pour 50 pound bags of 
insecticide into insecticide boxes. Third, any unused 
insecticide can be returned to the chemical dealer for 
credit. The computer chip will record the amount of 
product remaining in the Smartbox. This eliminates 
on-farm storage of opened bags between growing 
seasons.
In summary, I believe there are a variety of 
factors that potentially could influence the use of soil 
insecticides. Insecticides are held in low regard by 
the general public and even farmers are concerned 
about the potential health hazards that they pose.
The debate on the necessity of soil insecticides and 
their impact on the environment will not lessen. 
Misuses of soil insecticides could resurrect an outcry 
from the nonfarming public for tighter governmental 
enforcement of current laws to further restrict or 
eliminate certain chemicals.
Farmers themselves are voluntarily reducing 
insecticide use because farming costs continue to rise 
while the price of corn remains relatively stable. If 
the Smartbox enters the marketplace and is adopted 
by farmers, then wasteful misapplications made by 
uncalibrated insecticide boxes could be eliminated. 
Aztec and Fortress hold promise as effective com­
petitors against currently labeled products and at 
greatly reduced rates of active ingredient per acre. 
Biotechnology is a big unknown, but positive devel­
opments in the area of plant resistance are antici­
pated. Transgenic, high-yielding corn with resistance 
to corn rootworms could exclude most soil insecti­
cides from continuous corn except for minor insect
problems. All of these factors point to a decrease in 
the amount of soil insecticide used on corn in the 
Corn Belt.
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Gray Leaf Spot of Corn
S.T. Coates and D.G. White
Gray leaf spot is a foliar disease of corn caused 
by the fungus Cercospora zeae-maydis Tehon and 
Daniels. The symptoms of gray leaf spot are rectan­
gular lesions approximately 1-6 cm in length (about
0.5-2.5 inches). The width of a lesion is determined 
by the distance between the major veins of the leaf 
which limits lateral expansion by the fungus. The 
lesions are tan in color early in their development 
and turn tan-gray as the fungus begins to sporulate. 
Lesions of gray leaf spot can be distinguished from 
other corn leaf diseases by the sharp edges where 
they border the major veins of the leaf and the gray 
color on the under side of the leaf as the fungus 
begins to sporulate. In addition, lesions are opaque 
due to fungal growth in and on the leaf which blocks 
transmission of light. Lesions on resistant corn lines 
can vary from the typical symptoms. They may be 
chlorotic, greasy yellow, irregularly shaped, and 
small.
First found in southern Illinois in 1925, gray leaf 
spot was sporadically reported in the 1940s, 1950s, 
and early 1960s, but was not considered to be a 
serious problem. Beginning in the mid 1970s there 
were increasing reports of it on the east coast. The 
increased incidence of the disease was attributed to 
the increased use of minimum tillage. Cercospora zeae- 
maydis survives from one season to the next in crop 
debris from previously diseased plants. As is the case 
with many plant pathogens, when infected crop 
debris is plowed under in the fall C. zeae-maydis will 
not survive from one season to another. In minimum 
tillage systems crop debris remains on the surface 
thus allowing the fungus to overwinter. Since the 
mid 1970s, gray leaf spot has been reported in most 
corn growing areas of the United States.
Based on submissions to the University of Illinois 
Plant Clinic and other sources, it appears that the 
incidence of gray leaf spot has been increasing in 
recent years in Illinois, particularly this past year. In 
1991 and 1992 there were only a few submissions to 
the Plant Clinic. Gray leaf spot was known to be a
problem in Gallatin and White counties in the south; 
Brown, Hancock, and Morgan counties in the west; 
and Cumberland and Peoria counties in central 
Illinois. In 1993, there were 19 submissions of 
samples with gray leaf spot to the Plant Clinic. These 
were distributed over the state, from White and 
Union counties in the south; Cass, McDonough, and 
Morgan counties in the west; LaSalle county in the 
north; Edgar and Vermillion counties in the east; and 
DeWitt, Douglas, Mclean, Menard, and Sangamon 
counties in central and east central Illinois. The 
reason for this increase is the wet weather of the last 
two years. Gray leaf spot requires wet weather for 
development. The time from spore germination to 
infection is about one week with favorable environ­
mental conditions, a relatively long time for a foliar 
pathogen. The fungus needs a relative humidity of 
60% on the surface of the leaf in order to survive and 
a relative humidity of 95% to grow and infect. 
Therefore, gray leaf spot will develop best where the 
environment provides long periods of high humidity 
which occurs with heavy dews or fogs or, as in this 
past year, frequent rainy weather. Gray leaf spot will 
be most severe in corn following previously diseased 
no-till corn in a favorable environment with a 
susceptible hybrid. In much of Illinois hybrids lack 
good levels of resistance to gray leaf spot. Because 
the fungus overwinters in crop debris, it is possible 
for inoculum to build up from one year to the next. 
This is likely what happened in 1993. Considering 
gray leaf spot has been in Illinois since at least the 
1920s, it is unlikely that this disease has suddenly 
"showed up" in the central part of the state. More 
likely, it has always been present at low levels until 
the wet weather in 1992 allowed for a buildup of 
inoculum that resulted in the increased incidence in 
1993. Undoubtedly, the wet weather of this past year 
has allowed for a further buildup of the fungal 
population.
The severity of gray leaf spot epidemics depends 
on the time of initial infection. The earlier in the
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growing season initial infection takes place the more 
likely it will result in a severe epidemic. Like all foliar 
diseases, losses from gray leaf spot occur from the 
destruction of photosynthetic area resulting in 
reduced yield if the damage is severe. The most 
severe losses, however, are from a predisposition to 
stalk rot and lodging.
Fall plowing and crop rotation may seem to be 
attractive options for control of gray leaf spot. 
However, fall plowing may not be effective unless it 
is practiced on a regional basis. Inoculum from 
unplowed fields can blow to plowed fields. Also, in 
some areas fall plowing may be prohibited. Crop 
rotation may not be beneficial since inoculum can 
move from corn stubble in fields planted with 
soybeans to an adjacent corn field. Reduced tillage 
has economic and environmental benefits that 
warrant its continued practice. Fungicide sprays can 
control gray leaf spot, but are not economical except 
on high value crops such as seed corn. No fungicide 
has been labeled for control of gray leaf spot to date. 
Genetic resistance is the most effective and economi­
cal control. While many widely grown Corn Belt 
hybrids lack resistance, several seed companies now 
have hybrids with tolerance or resistance to gray leaf 
spot. The increase in incidence in 1993 indicates that 
there is a potential for problems in 1994 if it is 
another wet year. Growers who had problems in 
1993 may want to consider planting a resistant 
hybrid, particularly in corn following no-till corn.
At the University of Illinois the focus of research 
on gray leaf spot is on genetic resistance. The goal is
to identify sources of resistance, determine how that 
resistance is inherited, and then develop high yield­
ing inbreds with resistance. In 1989 over 1300 inbreds 
were evaluated for gray leaf spot resistance at the 
Agronomy/Plant Pathology South Farm in Urbana.
In 1990 the best inbreds were re-evaluated along with 
their hybrids to the susceptible inbreds FR1141 and/ 
or FR20. Segregating generations of the crosses that 
produced the best hybrids were evaluated in 1991, 
1992, and 1993 to determine how the resistance in 
these lines is inherited. While this data is still being 
analyzed, the resistance in some of the lines appears 
to have dominance which will make the resistance 
easy to utilize in a hybrid breeding program. A 
breeding program has been initiated at the university 
to breed the resistance in these lines into higher 
yielding inbreds.
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Integrating Biological Control into 
Farming Systems
Doug Landis
Can biological control be successfully integrated 
into Midwest agriculture? While the ultimate answer 
involves many social and economic factors and is 
therefore very complex, the scientific evidence is 
clear; biological control is already successfully 
integrated into many farming systems and can be 
further utilized if producers desire to do so. What is 
biological control? What practices are included and 
which ones are most likely to be integrated into our 
current and future farming systems?
Biological control is the planned manipulation of 
predators, parasites, or diseases to reduce the damag­
ing impact of crop pests. Biological control can be 
used against any type of pest including weeds, 
diseases, vertebrates, or insects; although in this 
paper I will concentrate on biological control of field 
crop insects. All organisms have natural enemies in 
their environment that limit their populations.
Disease and parasites may weaken or directly kill 
individuals, and predators remove the inexperi­
enced, the sick, or the old from a population. In 
general, these checks and balances on populations 
are positive and serve to maintain a healthy equilib­
rium. We term these natural checks on pest numbers 
"natural control." Although natural control occurs in 
agricultural systems, frequently the balance is tipped 
in favor of the pest. This may be due to the way in 
which we grow the crop (for example, monocultures) 
or to a lack of natural enemies (for example, im­
ported pests).
Producers can improve on natural control by 
purposefully manipulating natural enemies to reduce 
pest populations. There are three main types of 
biological control: importation, augmentation, and 
conservation. Importation refers to the process where 
an exotic pest is controlled by natural enemies that 
are imported from the pest's country of origin. This is 
typically initiated by university, state, or federal 
scientists. Imported natural enemies must go through 
a quarantine procedure to assure that no new pests 
or hyperparasites (parasites of beneficial parasites)
are introduced. This is followed by establishing the 
new natural enemy on the target pest population. 
Importation is also called "classical" biological 
control and can provide remarkable control of pest 
populations (for example, alfalfa weevil and cereal 
leaf beetle). In addition, classical biological control is 
self-perpetuating and may be permanent.
Augmentation is used either where populations 
of a natural enemy cannot be permanently estab­
lished or where their population cannot respond 
quickly enough to the pest population. Augmenta­
tion may involve either inoculative or inundative 
releases. For example, in areas where a particular 
parasite cannot overwinter, an inoculative release 
each spring may allow the population to establish 
and adequately control a pest. Inundative releases 
involve the release of large numbers of a natural 
enemy that completely overwhelm the pest popula­
tion.
Conservation of natural enemies involves any 
action that maintains or increases the population of 
the beneficial species. This may be an activity as 
simple as leaving unsprayed strips as a refuge or 
source of hosts for the natural enemy population. 
Providing alternate prey or other resources like 
overwintering sites or food for adult parasites are 
other examples of conservation techniques.
Levels of Integration
Natural enemies can be integrated into farming 
systems at several levels. The most basic level is to 
understand and utilize the benefits of natural control 
to your advantage. This requires no specific actions 
by the producer beyond an appreciation for what 
Mother Nature is doing. An important example in 
the Midwest is the impact of the potato leafhopper 
disease, Zoophthora radicans. This fungus is present 
throughout the upper Midwest. After a leafhopper 
becomes infected, it will die in 2-3 days. Under the 
right conditions (cool and moist), the fungus pro-
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duces thousands of conidia capable of infecting other 
leafhoppers. As the disease spreads through the 
population leafhopper numbers decline rapidly. In 
Michigan, we have detected outbreaks of this disease 
(epizootics) every year since 1989. Typically they 
occur in late July or August in conjunction with a 
cool, wet period. Producers in Michigan watch for 
these epizootics in both dry beans and alfalfa, and 
they frequently find no need for further insecticide 
applications after an epizootic occurs.
Taking advantage of other forms of biological 
control may require some modification of farming 
practices. In particular, restricting insecticide use is 
necessary to enjoy the full benefit of many insect 
predators and parasites. In alfalfa systems, using 
harvesting rather than insecticides to manage alfalfa 
weevils on the crop first allows native and intro­
duced natural enemies to survive and suppress 
weevils and other pest populations. Studies in no-till 
corn in Ohio have shown that predators, primarily 
ground beetles, effectively remove black cutworm 
larvae and prevent cutting of plants (Brust et al.
1985). However, certain soil insecticides kill the 
natural enemies without reducing cutworm popula­
tions and thus, result in more plant damage than 
where no insecticides were used.
Other biological controls can be used directly as 
an intervention against pest populations; however, 
this generally requires some special knowledge or 
information about their use. One example is the 
microbial pesticides based on Bacillus thuringiensis 
(Bt). For European corn borers, these products are 
effective only when they are applied to control 
young larvae. In some cases, this may require special 
scouting to determine if susceptible host stages are 
present.
Augmentative release of Trichogramma egg 
parasites requires an accurate knowledge of the 
pest's life cycle as well as that of the parasite. 
Trichogramma are tiny wasps about the size of the 
period at the end of this sentence. They seek out and 
lay their eggs inside the eggs of many types of 
caterpillar pests. The pest egg is killed, and instead of 
a pest caterpillar, one or more Trichogramma wasps 
are produced. Various species of Trichogramma are in 
widespread use around the world. A promising 
application of Trichogramma in the Midwest is to help 
manage the European corn borer. Degree-day models 
are used to predict the development of European 
corn borer pupae and adults. At the proper time, the 
Trichogramma are brought out of cold storage, where 
they have been in a state of diapause (hibernation), 
and released into the field to develop in concert with 
European corn borers. The idea is to have an abun­
dance of wasps present in the field for the entire 
period during which corn borers are laying eggs. In 
trials in the Midwest, Trichogramma have been as
effective as insecticides in reducing European corn 
borer damage in field corn. Using Trichogramma will 
not be as simple as spraying a pesticide; however, the 
ultimate advantages of a zero-pesticide technique for 
managing European corn borers may make it as 
popular in this country as it currently is in Europe 
and China.
Designing Farming Systems for Successful 
Biological Control
Until now we have asked the question, “Which 
examples of biological control fit the way we cur­
rently farm?" The ultimate integration of biological 
control comes when we ask the question, "How can 
we alter farming systems to take full advantage of 
the potential of biological control?" At the core of this 
question is a philosophical choice. "Do we use the 
management tools available to us to react to pest 
problems when they develop, or do we use our 
management skills to prevent pest problems from 
occurring?" This alternative model of insect manage­
ment has been likened to preventative health care. In 
preventative pest management, a series of practices 
are put into place to prevent the pest from reaching 
damaging levels (economic injury levels) and thus, 
reducing the need for intervention.
The concept of Integrated Pest Management 
(IPM) was originally conceived as just such a strat­
egy. Through an integration of biological and 
cultural controls, IPM systems would prevent most 
pests from reaching threshold levels. However, if 
pest populations do reach threshold levels, scouting 
would detect them and the least disruptive option 
could be used to bring the pest under control. 
Unfortunately, we have too often forgotten about the 
importance of cultural and biological controls and 
placed the emphasis solely on pest detection and 
chemical control. Until there is a commitment to 
prevention of pest problems versus reaction to pest 
problems, the full potential of biological control will 
never be realized.
An example of designing farming systems to take 
full advantage of biological controls involves Eriborus 
terebrans, a parasite of European corn borer larvae. 
Eriborus was one of 24 parasite species imported 
from Europe and the Orient during 1920-1938 to 
assist in controlling the corn borer. In early publica­
tions E. terebrans was cited as being one of the most 
promising of the natural enemies of com borers; it 
killed up to 56% of the larvae in a given field (Baker 
et al. 1949). However, in the Midwest, this wasp 
currently parasitizes an average of only 2.4 to 7.8% of 
the European corn borers (Lewis 1982; Hill et al.
1978). Why is a parasite with such great potential 
currently so limited in its effectiveness? Our studies 
have shown that the female wasps are very sensitive
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to heat and die rapidly when temperatures exceed 
90° F. In addition, they require a source of sugar, 
either from the nectar of flowering plants (for ex­
ample, wild carrot) or from aphid honeydew (for 
example, bean aphids on lambsquarters) on a daily 
basis or they will die.
Given these requirements, most current Midwest 
corn production systems are a difficult if not outright 
hostile environment for Eriborus. Prior to canopy 
closure, during the first generation of corn borers, 
afternoon temperatures within corn fields frequently 
exceed 90° F. Because the wasps cannot exist there, 
they must seek more sheltered locations. In addition, 
there are no sources of sugar (nectar or honeydew) in 
these fields at this time. In Michigan, the wasps 
respond by retreating to the nearby shade of wooded 
fencerows and woodlots where they find reduced 
temperatures, increased relative humidity, and 
sources of food. European core borer larvae in parts 
of the corn field near these types of habitats are 
parasitized at two to three times the rate of those in 
field interiors. In one field with several wooded 
edges, we have observed up to 40% parasitism by 
Eriborus (Landis and Haas 1992). Our research is 
aimed at determining if we can modify corn produc­
tion systems to provide more of the proper resources 
for natural enemies in a way that is compatible with 
modern farming systems. Strip cropping and other 
fairly simple modifications of the agricultural 
landscape may be potential solutions.
Guidelines for managing natural enemies in 
farming systems have been proposed by various 
authors. They typically include providing habitats to 
maintain or increase: (1) availability of alternate 
hosts, (2) availability of food resources for adult 
natural enemies, (3) availability of overwintering 
habitats, (4) a succession of hosts (constant food 
supply), and (5) availability of appropriate microcli­
mates (Debach and Rosen 1991; van Emden 1965; van 
Emden 1990; Powell 1986; Rabb et al. 1976). In 
addition, recent ecological theory proposes that the 
arrangement (spatial distribution) of these resources 
in the landscape is critical to the functioning of these 
species. Our studies suggest that management of 
insect natural enemies should be guided by practical 
combinations of the principles listed in Table 1.
Applications of biological control techniques 
have great potential to make Midwest farming 
systems more efficient, profitable, and sustainable. 
Opportunities exist for easily integrating certain 
aspects of biological control into existing farming 
systems, while others techniques will require signifi­
cant modification of current systems. It is clear that 
as the ultimate integrators of agricultural technolo­
gies, farmer innovation in these areas is critically 
needed.
Table 1. Guidelines for managing populations of 
insect predators and parasites in 
Midwest farming systems
Create refuges in or next to fields that contain:
• overwintering habitats for natural enemies
• within season habitat (may be different than 
overwintering habitat)
• early season hosts for natural enemies
• an abundance of alternate hosts
• moderated microclimates (shade, high relative 
humidity)
• food resources for adult parasites (nectar, 
pollen, aphid honeydew)
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Variety Selection for Control of Sudden Death
Syndrome in Soybeans
Paul T. Gibson
Soybean Sudden Death Syndrome (SDS) is a 
disease that continues to increase in incidence in 
Illinois and several surrounding states. Quite a few 
reports of SDS were received in 1993, ranging into 
north-central Illinois, northeast Missouri, and west- 
central Indiana. The wet spring encouraged infection 
at the seedling stage, and adequate rainfall during 
the pod development stage promoted the expression 
of leaf symptoms. Large numbers of fields in Gallatin 
County, Illinois, had noticeable SDS infections, some 
quite severe. Central Illinois was hit harder in 1993 
than it has ever been before. Coupled with the losses 
in Gallatin and surrounding counties in southern 
Illinois, the statewide losses to SDS in 1993 were 
probably the greatest ever.
Causal Organism
The soil-borne organism, Fusarium solani, has 
been determined to be the primary initiator of SDS.
In particular, SDS is caused by a highly pathogenic 
"blue" strain (Rupe 1989), designated strain "A"
(Roy et al. 1989). However, nagging questions remain 
about the role of other possible organisms, including 
the Xanthomonas type bacteria (Yopp et al. 1986). 
Different "pathotypes" in soybeans have been 
identified using differential varieties. The Fusarium 
has been isolated from the upper roots of the plant as 
early as two weeks after planting (Barbara Corwin, 
University of Missouri, personal communication). 
Several institutions have successfully cultured the 
Fusarium. Dr. Cecil Nickell (University of Illinois) 
and Dr. Brian Anderson (Pioneer HiBred, Union 
City, Tennessee) have been among the most success­
ful in screening varieties in the greenhouse. The 
correlation with field results is reasonably good, but 
more work is needed to confirm how reliably green­
house results will predict field response across a 
wide range of varieties and environmental conditions 
(Stephens et al. 1993b).
Disease Progression and Symptoms
After initial early infection, progressive plugging 
of the xylem (veins) occurs, along with a dry root rot. 
The disease progresses slowly up through the 
hypocotyl into the lower stem. Usually no visible 
symptoms appear until late pod set or early pod fill. 
However, if infected plants are dug up and the stems 
and upper roots split, often one can see the faint 
brown striping in the meaty portion of the lower 
stem and the center of the main root. The pith 
remains clean in contrast to brown stem rot (BSR) 
and stem canker, in which the pith appears rotten 
and distinctly brown or reddish brown. Leaf symp­
toms usually become evident during pod fill, al­
though symptoms have been observed as early as the 
four-leaf stage. Leaf symptoms are a result of a 
substance that is toxic to the plant and is produced in 
the lower stem and transported through the water 
stream up to the leaves. Small, irregular yellow spots 
appear on the leaves, increase in size, and turn 
brown. The area immediately adjacent to the main 
veins of the leaflet remain green. If the disease is 
severe enough, leaflets fall off without wilting, 
leaving upright petioles. At this point, pods are also 
beginning to drop off, causing considerable yield 
loss. Pods that remain attached often produce beans 
of reduced size. It is also suspected that the root 
damage and vascular plugging cause more subtle 
yield losses. Yield losses of 30 bushels per acre (bu/a) 
in fields expected to produce 50 to 55 bu/a have been 
reported.
Disease Spread
Reports of considerable SDS in Boone County, 
Illinois, in 1991 emphasize that the disease is spread­
ing northward. Why the disease has spread north­
ward in big jumps is not known. What is known is 
that anything that carries dirt can potentially carry 
the disease, including equipment, feet, and birds. The
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disease is not seed borne, but if any soil is carried 
with the seed, the soil could be a source of infection. 
Therefore, it is not advisable to plant "bin-run" seed 
harvested from an SDS infected field. Besides the 
possibility of soil contamination, seed from SDS 
infected fields may be smaller and have reduced 
germination and vigor (Wintizer et al 1991).
Relationship with Soybean Cyst 
Nematode (SCN)
Greenhouse tests have shown that the soybean 
cyst nematode (SCN) is not necessary for SDS to 
develop, but does increase the severity of damage 
(Roy et al. 1989). Most fields with an SDS problem 
have noticeable SCN infestations, often at an eco­
nomically damaging level. Therefore, if a field has an 
SDS problem, it is also wise to address the SCN 
problem. Fortunately, most SCN resistant varieties 
are less susceptible to SDS than non-SCN resistant 
varieties. Many of the varieties that tolerate SDS best 
have SCN resistance. Strangely, though, the original 
sources of SCN resistance (Peking, PI 88.788) are 
extremely susceptible to SDS. In addition, some 
popular SCN resistant varieties are extremely 
susceptible to SDS, including Asgrow 5403 and 
Asgrow 4715.
Effect of Planting Date
There is some general trend for SDS to be less 
severe in later plantings. This effect varies from year 
to year, apparently depending on the weather, 
especially the rainfall shortly after planting and 
during the early pod fill stage (Hershman et. al.
1990). Our planting date study at Villa Ridge in 1989 
revealed noticeable symptoms in 35% of the plants of 
a highly susceptible variety planted on July 11.
Environmental Effects
Adequate to more than adequate moisture 
(without prolonged flooding) in the upper rooting 
zone of the plant during emergence and early growth 
is important for initial establishment of SDS in the 
roots. Moderately high levels of soil moisture during 
pod fill promote the full expression of the disease. 
Cool temperatures during emergence and during 
pod fill are suspected to encourage the disease as 
well. It is not known whether the environment from 
the mid-vegetative stage until pod set is critical for 
disease expression, although in 1993 the lack of 
development of SDS at our Ullin site was apparently 
due to severe drought during this period. SDS leaf- 
symptom expression was minimal despite ideal 
conditions for infection shortly after planting and 
adequate rainfall during pod development. Root
infection (presumably of SDS) was noticeable in 
many plants, especially of SDS susceptible varieties, 
but was not severe.
Yield Loss Estimates
Although there has been no systematic estima­
tion of SDS yield losses in Illinois (or any other state), 
a general "guesstimate" for 1993 might be 100,000 
acres times 4 bu/a. This represents 400,000 bu or $2.4 
million at $6 per bu. Although this is a lot of money, 
it is only a tiny fraction of the Illinois soybean crop. 
However, some individual farmers have suffered 
severe losses. Recent analysis of how yield in the SDS 
variety trials relates to SDS symptoms has shown 
that greater than 10% losses are common even when 
symptoms are relatively mild. In some 40 acre fields, 
losses of 25 bu/a have been estimated. Smaller 
sections of some fields have been a total loss.
Control
No effective chemical or cultural control has been 
found. Crop rotations have not been much help 
against SDS, and rotations with some pasture grasses 
seem to make SDS even worse (Dr. Don Hershman, 
University of Tennessee). Late planting is only 
partially effective, and puts the farmer at risk of 
losing yield from other causes. The best advice is not 
to plant SDS prone fields earlier than necessary, and 
to control the SCN problem using crop rotation and 
SCN resistant varieties. Varieties that have the best 
record in SDS trials to date should be planted.
Varietal Performance
No variety tested so far is immune to SDS. All 
varrieties display some symptoms if the disease 
pressure is severe enough. However, some varieties 
(Ripley, Pharaoh, Hamilton, and TN 4-86) have 
consistently performed well against SDS. Others, 
such as Morgan, Spencer, Resnik, and Lee 74, have 
been consistently poor. In general, the performance 
of a variety can be predicted fairly well if the perfor­
mance of its parents are known. Evaluation of 
released varieties, advanced experimentals, and 
ancestral parents continues, including approximately 
500 entries in the Southern Illinois University 1993 
SDS Variety Trials. Excluded are more than 100 
entries from our own advanced breeding trials and 
several hundred in inheritance studies. The interac­
tion of growth stage with the environment makes it 
critical that entries be tested in trials with a narrow 
maturity band (no more than 10 days spread is 
recommended), and that varieties be rated at the 
same developmental stage. Our trials are split into 
half a maturity group, and disease scores are interpo-
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lated to precisely the R6 growth stage (plump bean 
stage, before general leaf yellowing).
Future Prospects
Variety testing has given fairly consistent results, 
and with the accumulation of several years of results 
on some varieties, it is now possible for the farmer to 
have some confidence in choosing varieties with less 
SDS susceptibility. Studies of the inheritance of SDS 
have shown that SCN resistance generally provides 
some protection against SDS. Other genetic factors 
for resistance are present and segregate indepen­
dently of the SCN resistance. These genetic factors 
produce typical quantitative inheritance patterns in 
the two crosses studied intensively at SIU. Heritabili- 
ties are surprisingly large (above 50%), suggesting 
that improving SDS resistance by traditional breed­
ing methods will be successful. However, the degree 
of variety by environment interaction is large enough 
to make this process more difficult. There are appar­
ently different genes for resistance in different 
varieties. Some of these genes are stable across 
environments and some are variable. This is evi­
denced both by variety trials and by our inheritance 
studies. Forrest, a major source of SCN resistance in 
the southern soybean germplasm, has been fairly 
stable for SDS response in several years of variety 
trials. The cross, Essex x Forrest, produces offspring 
that also perform stably across environments. In 
contrast, the offspring of Pyramid x Douglas are 
quite unstable across environments. Some commer­
cially used varieties seem to be fairly resistant in one 
environment and very susceptible in another. Will­
iams 82 and its SCN resistant forms, Fayette and 
Linford, are unpredictable in response.
Further evidence of differing genetic mecha­
nisms was found by Stephens et al. (1993a). They 
identified a single gene in Ripley that confers resis­
tance in the greenhouse screening against SDS. Field 
verification is in progress. Because Ripley has 
performed well against SDS in a wide range of 
environments, we hope that this single-gene resis­
tance will be effective in many, if not most, situa­
tions. It is likely that this gene will be incorporated 
rapidly into many new varieties.
The search has begun for useful molecular 
markers to complement traditional breeding efforts. 
Several molecular markers that seem to be linked to 
reduced SDS susceptibility have been identified 
(Hnetkovsky et al. 1993; Chang et al. 1993; Doubler et 
al. 1993). Some of these seem to be linked to SCN 
resistance, while others segregate independently of 
SCN genes. When confirmed, these markers will be
used to reduce the cost and effort at the same time as 
increasing the effectiveness of selecting new varieties 
with better levels of SDS resistance.
Sources of Information for Choosing 
SDS “Resistant” Varieties
Results of each year of the Southern Illinois 
University SDS Variety Trials are available by 
contacting Paul Gibson, Plant & Soil Science, South­
ern Illinois University, Carbondale, 62901. Dr. Cecil 
Nickell, Agronomy Department, University of 
Illinois at Champaign-Urbana, also conducts some 
SDS variety testing. Several commercial seed compa­
nies are doing extensive testing of their own varieties 
and breeding lines. Pioneer HiBred has begun 
including SDS ratings in their seed brochures, and 
Asgrow has tested many of their own varieties, too. 
To obtain information about specific private com­
pany varieties, contact your seed dealer and ask how 
to contact the product representative responsible for 
your geographical area. Continue asking questions 
until you are satisfied that you have obtained the 
best information available. In addition, the Coopera­
tive Extension Service Crop Systems Educator for 
your area may be knowledgeable about the SDS 
response of some of the more popular varieties.
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Corn Hybrid Response to Corn Rootworm Injury
Kevin L. Steffey, Mike E. Gray, and John T. Shaw
Introduction: Corn Rootworms, Larval Injury, 
and Host Plant Resistance
Corn rootworm larvae can cause severe yield 
losses during years when infestations are heavy, and 
the economic losses to corn producers can be extrava­
gant. Consequently, farmers throughout the north 
central states spend millions of dollars annually to 
protect their corn crops from rootworm injury. 
Metcalf (1986) estimated that farmers in the United 
States pay as much as $1 billion annually in treat­
ment costs and crop losses. Although current statis­
tics on insecticide use, insecticide costs, and the 
losses attributable to corn rootworms suggest that 
Metcalfs (1986) estimate is too high, the cost of 
managing corn rootworms is still the largest expendi­
ture for insect management in the Corn Belt.
The relationship between corn rootworm larval 
injury and corn plant response has been examined by 
hordes of entomologists. Turpin et al. (1972) estab­
lished a relationship between root injury and yield 
loss, and others (Stamm et al. 1985; Mayo 1986; Sutter 
et al. 1990) have modified this relationship only 
slightly. Feeding by corn rootworm larvae also 
reduces vegetative biomass (Spike and Tollefson 
1991), increases corn stalk lodging (Sutter et al. 1990), 
and alters corn nutrient content (Kahler et al. 1985). 
Recent investigations have enumerated more specific 
responses of corn plants to rootworm larval injury 
(Gibb and Higgins 1991; Godfrey et al. 1993a, 1993b; 
Spike and Tollefson 1989a, 1989b).
Knowledge about the response of corn plants to 
corn rootworm larval injury may aid in the develop­
ment of resistant corn hybrids. The current focus on 
nonchemical alternatives for pest management has 
generated renewed interest in host plant resistance. 
Resistance of crop plants to insects is especially 
attractive for implementation in pest management 
programs because:
• Plant resistance is usually specific for a 
certain pest and has no direct detrimental
effects on nontarget organisms.
• The effects of plant resistance on a pest 
population is cumulative.
• Most resistant varieties maintain high levels 
of resistance for a long time, so the effects are 
persistent.
• Resistant varieties can be incorporated easily 
into normal farming operations at little or no 
extra cost.
• Plant resistance is compatible with other 
tactics in pest management.
Plant breeders and entomologists have searched 
for decades for sources of resistance in corn against 
corn rootworm larvae (Branson 1986). Hybrids that 
repel rootworm larvae or have adverse effects on 
rootworm biology have not been identified. How­
ever, some corn hybrids exhibit tolerance to feeding 
injury by corn rootworm larvae. Tolerance to corn 
rootworm larvae is associated mostly with the size of 
the root system. In general, the larger the root 
system, the more tolerant the plant is to rootworm 
feeding. Tolerance has also been associated with the 
ability of the plant to grow new roots after rootworm 
injury has occurred.
Because rootworm larvae feed underground, 
evaluating the level of tolerance exhibited by a corn 
hybrid against rootworms is difficult. Researchers 
have focused on three types of measurement to 
evaluate the level of tolerance:
• the plant's firmness of anchorage in the soil,
• the amount of root tissue removed by 
rootworm larvae, and
• the amount of regrowth (compensatory 
growth) after larval feeding ceases.
To accomplish these evaluations, entomologists 
have developed subjective rating systems or have 
measured the amount of root lodging, size of root 
systems, amount of secondary root development, or 
vertical pulling resistance of roots. Branson (1986)
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briefly describes the origin of these ratings and 
evaluations.
Corn Rootworm Management and Com  
Hybrids in Illinois: Current Status
Illinois corn producers grow an estimated 2.8 
million acres of corn after corn each year, approxi­
mately 88% (2.5 million acres) of which are treated 
with a soil insecticide at planting time to protect the 
roots from rootworm attack (Pike et al. 1991). The 
estimated annual expense to Illinois farmers for soil 
insecticide costs is $26.5 million. However, research 
data from Indiana in the early 1970s (Turpin and 
Thieme 1978) and from Illinois more recently (Gray 
et al. 1993) revealed that as many as one-half to two- 
thirds of the corn growers in these studies did not 
require any insecticide treatment. In other words, the 
level of insect infestation in one-half to two-thirds of 
these fields was not large enough to cause economic 
losses. Based on this information, we believe that if 
corn producers in Illinois were aware of and could 
select varieties of corn that are tolerant to rootworm 
larval injury, rather than apply a soil insecticide, the 
economic and environmental benefits would be 
substantial.
Virtually no information is available regarding 
the ability of currently grown corn hybrids to tolerate 
corn rootworm larval injury. Steffey et al. (1989) 
demonstrated that a hybrid used in a University of 
Illinois insecticide efficacy trial was able to compen­
sate for rootworm larval injury by growing new root 
tissue. The yield of severely injured untreated plants, 
which had grown new root tissue, was the same as 
the yield of plants that had been protected with a soil 
insecticide. In the same study, root volume was 
estimated by water displacement, a method reported 
in the literature as early as the 1960s (Musick et al. 
1965). The root volume of the untreated plants was 
the same as the root volume of the plants that had 
been protected with a soil insecticide.
1993 Study: Corn Rootworm Injury 
and Hybrid Tolerance
Materials and Methods
Using preliminary information (Steffey et al. 
1989) as a starting place, we proposed to identify and 
evaluate commonly grown corn hybrids for their 
ability to compensate for rootworm larval injury. To 
ensure a rootworm larval infestation, four acres of 
trap crop (corn planted late to attract egg laying 
beetles) were planted in 1992 at the Northern Illinois 
Agronomy Research Center near DeKalb. In the 
spring of 1993, the following 12 "popular" corn 
hybrids were planted in the same four acres:
• Asgrow RX707
• Burrus BX58
• Cargill 6337
• Crows 401
• DeKalb 591
• FS 6774
• Garst 8501
• Hughes 5500
• Northrup King N6560
• Pioneer 3394
• Renk RK839
• Wyffels W707
Each hybrid was planted in plots that were four 
rows wide and approximately 80 feet long. No soil 
insecticide was applied at planting time. The experi­
mental design was a randomized complete block 
with 10 replications.
In June 1993, plant populations for each hybrid 
were estimated by counting the number of plants in 
1 /1,000 acre samples in the center two rows of each 
plot. In July, 10 plants were removed from the center 
two rows of each plot in each replication. The dirt 
was washed from the roots, and the roots were rated 
[Iowa 1 to 6 scale, Hills and Peters (1971)] for root- 
worm injury. The same root systems were then 
submerged into 4-inch diameter, 4,000-ml capacity 
graduated cylinders to estimate root volume (Steffey 
et al. 1989). In August, 10 additional plants were 
removed from the center two rows of each plot in 
each replication. The dirt was washed from the roots, 
and the root volumes were estimated in the same 
manner as they were in July. In October, each plot 
was machine harvested and weighed individually.
Results
The weather during 1993 affected our study, both 
agronomically and biologically, but we were still able 
to gather some useful data. Rainfall in the spring 
delayed our planting until May 17. Because the trap 
crop planted in 1992 was not harvested until the 
spring of 1993, considerable residue was present. As 
a consequence, planting conditions were not ideal. 
After the experiment was planted, the soil remained 
cool and wet for an extended period of time, so 
germination and growth of the corn plants were 
quite slow. Stand counts were taken on June 17, and 
many of the plants were still very small at that time. 
Stand count data are presented in Table 1.
At the time we evaluated the plots for rootworm 
injury and made our first estimates of root volume in 
July, many of the plants were still small. The small 
size of the plants is reflected by the small root 
volumes that we estimated in July (Table 2). In 
addition, the northwest corner of the trial was 
extremely wet (standing water in July), and an entire 
replication was completely inundated. Upon exami-
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nation of the root-rating data from that replication, 
we discovered little or no rootworm feeding injury, 
compared with rather substantial injury in the other 
replications. We speculated that the excess water in 
that region of the field significantly increased the 
mortality of the rootworm larvae. As a consequence, 
we excluded all of the data gathered from that 
replication when we conducted our statistical 
analyses.
The later planting and poor growing conditions 
during the season contributed to yields (Table 2) that 
were less than anticipated for that type of soil in 
northern Illinois. Because the plants were not pro­
tected with a soil insecticide, we suspect that root- 
worm injury also contributed to lower yields.
Significant differences in stand counts (Table 1) 
were detected among some of the 12 hybrids. The 
range in stand counts was from 23,050 plants per acre 
(FS 6774) to 26,050 plants per acre (Renk RK839); the 
lowest and highest stand counts were significantly 
different from each other. Stand counts for Asgrow 
RX707 (25,200 plants per acre) and Pioneer 3394 
(24,650 plants per acre) were also significantly higher 
than the stand count for FS 6774. However, all 
hybrids had reasonably good stand counts despite 
the poor growing conditions after planting. We 
planted for a population of 26,100 plants per acre, so 
the lowest stand count was only 11% less than 
expected.
Rootworm larval injury was moderately heavy 
throughout the plot area, with the exception of the
Table 1. Mean stand counts for 12 corn hybrids at 
the Northern Illinois Agronomy Re-search 
Center near DeKalb, Illinois, 1993
Hybrid
Plant population 
(plants per 1/1,000 a)1
Asgrow RX707 25.20 ab
Burrus BX58 24.45 be
Cargill 6337 24.50 abc
Crows 401 24.20 be
DeKalb 591 23.85 be
FS 6774 23.05 c
Garst 8501 24.00 be
Hughes 5500 23.70 be
Northrup King N6560 24.40 be
Pioneer 3394 24.65 ab
Renk RK839 26.05 a
Wyffels W707 24.20 be
1 Means followed by the same letter do not differ signifi­
cantly according to the Waller-Duncan K-ratio T test 
(critical value of T = 2.33).
northwest corner. However, the level of infestation 
was smaller than we usually anticipate in a trap crop 
area, probably because rootworm mortality was 
higher than normal as a result of the excess soil 
moisture. Plants from untreated rows usually have 
mean root ratings greater than 4.5 or 5.0. Neverthe­
less, mean root ratings for all hybrids were greater 
than 3.0 (range 3.16 to 4.16) in our experiment (Table 
2). Differences in root ratings were not statistically 
significant at the 10% level of probability. Variation 
in rootworm infestation throughout the plot area 
probably accounted for the numerical differences in 
root ratings among the hybrids.
Significant differences in root volumes among 
the hybrids were detected on both dates of evalua­
tion (July and August) (Table 2). Root volumes were 
quite small in July (range of 14.5 ml for Renk RK839 
to 23.5 for Wyffels W707), for reasons explained 
previously. Mean root volumes for Wyffels W707, 
Hughes 550, Pioneer 3394, and Asgrow RX707 were 
significantly larger than the mean root volume for 
Renk RK839.
By the time we evaluated the experiment again 
in August, mean root volumes of each hybrid had 
increased significantly. The range in root volumes in 
August was from 69.4 ml (Renk RK839) to 128.5 ml 
(DeKalb 591). Significant differences in root volumes 
among the hybrids were detected; these differences 
are displayed in Table 2. In general, the mean root 
volume for DeKalb 591 was significantly larger than 
the mean root volumes for Cargill 6337, Pioneer 3394, 
Burrus BX58, Garst 8501, Crows 401, and Renk 
RK839. The mean root volume for Renk RK839 was 
significantly smaller than the mean root volumes for 
Pioneer 3394, Cargill 6337, Asgrow RX707, Wyffels 
W707, Hughes 5500, FS 6774, Northrup King N6560, 
and DeKalb 591.
The increases in root volumes for all 12 hybrids 
are presented in Table 3. The range in increase in 
volume of root tissue was from 54.9 ml (Renk RK839) 
to 106.1 ml (DeKalb 591). However, the percentage 
increases among the 12 hybrids were relatively 
equivalent, ranging only from 74.3% to 82.7%.
Significant differences in yields were detected 
among some of the hybrids in the study (Table 2).
The yields were lower than normally expected at the 
Northern Illinois Agronomy Research Center. The 
range in yields was from 65.1 bushels per acre 
(DeKalb 591) to 81 bushels per acre (Burrus BX58). 
The yields for Asgrow RX707 and DeKalb 591 were 
significantly lower than the yields of the other 10 
hybrids.
Discussion
The 12 hybrids in our study revealed differential 
responses to rootworm larval injury. The hybrids
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Table 2. Root ratings, root volumes, and yield of 12 corn hybrids at the Northern Illinois Agronomy 
Research Center near DeKalb, Illinois, 1993
Hybrid
Mean1 
root rating 
July, 1993
Mean2
root volume (ml) 
July, 1993
Mean3
root volume (ml) 
August, 1993
Mean4 yield 
(bushels/acre)
Asgrow RX707 3.72 ab 22.6 a 105.4 a-d 68.3 b
Burrus BX58 3.73 ab 16.4 ab 90.9 b-e 81.0 a
Cargill 6337 3.48 ab 17.5 ab 101.5 b-d 77.5 a
Crows 401 3.74 ab 20.3 ab 79.2 de 75.6 a
DeKalb 591 3.49 ab 22.5 ab 128.5 a 65.1b
FS 6774 3.73 ab 21.1 ab 108.2 a-c 77.9 a
Garst 8501 3.16 a 15.8 ab 85.7 c-e 78.5 a
Hughes 5500 4.16 b 22.9 a 106.4 a-c 76.0 a
Northrup King N6560 4.06 ab 21.1 ab 113.9 ab 77.7 a
Pioneer 3394 3.29 ab 22.7 a 99.4 b-d 80.3 a
Renk RK839 3.47 ab 14.5 b 69.4 e 76.2 a
Wyffels W707 3.49 ab 23.5 a 105.7 a-d 77.5 a
' Means followed by the same letter do not differ significantly according to the Waller-Duncan K-ratio T test 
(critical value of T = 2.87).
2 Means followed by the same letter do not differ significantly according to the Waller-Duncan K-ratio T test 
(critical value of T = 2.54).
3 Means followed by the same letter do not differ significantly according to the Waller-Duncan K-ratio T test 
(critical value of T = 2.14).
4 Means followed by the same letter do not differ significantly according to the Waller-Duncan K-ratio T test 
(critical value of T = 2.00).
seemed to have expressed tolerance to rootworm 
larval injury in different ways. For example, DeKalb 
591 had the highest root volume in August (128.5 ml) 
and had the greatest overall increase in root volume 
from July to August, an increase of 106.1 ml, or 82.5% 
increase in root volume (Table 3). However, DeKalb
Asgrow RX707 82.8 78.5
Burrus BX58 74.5 82.0
Cargill 6337 83.9 82.7
Crows 401 58.8 74.3
DeKalb 591 106.1 82.5
FS 6774 87.1 80.4
Garst 8501 69.9 81.5
Hughes 5500 83.5 78.4
Northrup King N6560 92.9 81.5
Pioneer 3394 76.7 77.2
Renk RK839 54.9 79.1
Wyffels W707 82.2 77.8
591 had the lowest yield (65.1 bushels per acre) 
among the 12 hybrids (Table 2). This result agreed 
with findings by Godfrey et al. (1993b). They indi­
cated that compensation of vegetative tissue biomass 
(compensatory root growth) occurred at the sacrifice 
of reproductive tissue biomass (yield). In other
words, some corn plants expend their 
energy and resources growing new 
roots in response to rootworm larval 
injury, rather than increasing grain 
yield.
On the other hand, the three top- 
yielding hybrids in our study, Burrus 
BX58, Pioneer 3394, and Garst 8501, 
had among the smallest root volumes. 
Apparently these hybrids were able to 
tolerate rootworm larval injury, 
compensate somewhat for the injury, 
and divert enough resources to the 
ears to optimize yield. Other hybrids, 
like FS 6774, Northrup King N6560, 
and Wyffels W707, had relatively large 
root volumes and were among the six 
top-yielding varieties. Renk RK839 and 
Crows 401 both had small root vol­
umes and relatively low yields.
Table 3. Increase in root volume from July to August, 1993, 
for 12 corn hybrids at the Northern Illinois 
Agronomy Research Center near DeKalb
Increase in Percentage increase 
Hybrid root volume (ml) in root volume
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The relationship between rootworm larval injury 
and corn yield can be affected by many factors, all of 
which interact. Some corn hybrids have an innate 
ability to tolerate rootworm larval feeding and still 
produce optimum yield, while other hybrids may 
expend resources to compensate for rootworm injury 
by growing new roots. These responses are further 
modulated by environmental conditions, including 
available soil moisture and soil type. In addition, a 
hybrid's response to environmental conditions, in the 
absence of rootworm pressure, is also at least par­
tially inherent. As a consequence, the interactions 
among rootworms, corn plants, and environmental 
conditions are complex and will probably blur 
conclusions from studies such as the one we have 
undertaken.
Nevertheless, additional testing under different 
environmental conditions may yet clarify different 
hybrids' ability to compensate for or tolerate root- 
worm injury. To support our efforts to improve 
farmers' rootworm management decision-making, 
we plan to continue this study in 1994 at two loca­
tions.
References Cited
Branson, T.F. 1986. Larval feeding behavior and host- 
plant resistance in maize. P. 159-182, In: J.L. 
Krysan and T.A. Miller [eds.], Methods for the 
study of pest Diabrotica. Springer, New York. 
Gibb, T.J., and R.A. Higgins. 1991. Aboveground dry 
weight and yield responses of irrigated field corn 
to defoliation and root pruning stresses. J. Econ. 
Entomol. 84:1562-1576.
Godfrey, L.D., L.J. Meinke, and R.J. Wright. 1993a. 
Effects of larval injury by western corn rootworm 
(Coleoptera: Chrysomelidae) on gas exchange 
parameters of field corn. J. Econ. Entomol. 
86:1546-1556.
Godfrey, L.D., L.J. Meinke, and R.J. Wright. 1993b. 
Vegetative and reproductive biomass accumula­
tion in field corn: response to root injury by 
western corn rootworm (Coleoptera: 
Chrysomelidae). J. Econ. Entomol. 86:1557-1573. 
Gray, M.E., K.L. Steffey, and H. Oloumi-Sadeghi. 
1993. Participatory on-farm research in Illinois 
cornfields: an evaluation of established soil 
insecticide rates and prevalence of corn root- 
worm (Coleoptera: Chrysomelidae) injury. J. 
Econ. Entomol. 86:1473-1482.
Hills, T.M., and D.C. Peters. 1971. A method of 
evaluating post-plant insecticide treatments for 
control of western corn rootworm larvae. J. Econ. 
Entomol. 64:764-765.
Kahler, A.L., A.E. Olness, G.R. Sutter, C.D. Dybing, 
and O.J. Devine. 1985. Root damage by western 
corn rootworm and nutrient content in maize. 
Agron. J. 77:769-774.
Mayo, Z B. 1986. Field evaluation of insecticides. P. 
183-203, In: J.L. Krysan and T.A. Miller [eds.], 
Methods for the study of pest Diabrotica.
Springer, New York.
Metcalf, R.L. 1986. Foreword. P. vii-xv, In: J.L. Krysan 
and T.A. Miller [eds.], Methods for the study of 
pest Diabrotica. Springer, New York.
Musick, G.J., M.L. Fairchild, V.L. Fergason, and M.S. 
Zuber. 1965. A method of measuring root 
volume in corn (Zea mays L.). Crop Sci. 5:601-602.
Pike, D.R., K.D. Glover, E.L. Knake, and
D.E.Kuhlman. 1991. Pesticide use in Illinois: 
results of a 1990 survey of major crops. Circ. DP- 
91-1, Coop. Ext. Serv., Univ. of Illinois, Urbana- 
Champaign.
Spike, B.P., and J.J. Tollefson. 1989a. Relationship of 
plant phenology to corn yield loss resulting from 
western com rootworm (Coleoptera: 
Chrysomelidae) larval injury, nitrogen defi­
ciency, and high plant density. J. Econ. Entomol. 
82:226-231.
Spike, B.P., and J.J. Tollefson. 1989b. Relationship of 
root ratings, root size, and root regrowth to yield 
of corn injured by western corn rootworm 
(Coleoptera: Chrysomelidae). J. Econ. Entomol. 
82:1760-1763.
Spike, B.P., and J.J. Tollefson. 1991. Response of
western corn rootworm-infested corn to nitrogen 
fertilization and plant density. Crop Sci. 31:776­
785.
Stamm, D.E., Z B Mayo, J.B. Campbell, J.F.
Witkowski, L.W. Anderson, and R. Kozub. 1985. 
Western corn rootworm (Coleoptera: 
Chrysomelidae) beetle counts as a means of 
making control recommendations in Nebraska. J. 
Econ. Entomol. 78:794-798.
Steffey, K., D. Kuhlman, K. Kinney, and M. Gray. 
1989. Management of corn rootworms: research 
and recommendations. P. 76-92, In: Proc. Illinois 
Agric. Pesticides Conf. '89, Coop. Ext. Serv.,
Univ. of Illinois, Urbana-Champaign.
Sutter, G.R., J.R. Fisher, N.C. Elliott, and T.F.
Branson. 1990. Effect of insecticide treatments on 
root lodging and yields of maize in controlled 
infestations of western corn rootworm (Co­
leoptera: Chrysomelidae). J. Econ. Entomol. 
83:2414-2420.
Turpin, F.T., and J.M. Thieme. 1978. Impact of soil 
insecticide usage on corn production in Indiana: 
1972-1974. J. Econ. Entomol. 71:83-86.
Turpin, F.T., L.C. Dumenil, and D.C. Peters. 1972. 
Edaphic and agronomic characteristics that affect 
potential for rootworm damage to corn in Iowa.
J. Econ. Entomol. 65:1615-1619.
72
Using Economic Thresholds for Weed 
Management in Illinois
George F. Czapar
Introduction
Weeds interfere with crop growth by competing 
for moisture, nutrients, light, and space. In most 
situations, some type of weed management is usually 
necessary for optimum crop yield. Tillage, mowing, 
crop rotation, mulching, cover crops, biological 
controls, and herbicides have all been used to sup­
press weeds.
The economic threshold for weeds is the density 
of a weed population at which control is economi­
cally justified. A. certain population of weeds can 
grow with the crop throughout the season without a 
reduction in yield. Although economic thresholds are 
used extensively to make insect control decisions, the 
use of economic thresholds for weed management 
has been limited.
Traditional weed control systems have included 
the use of preplant or preemergence herbicides 
which are preventive in nature, and applied before 
the weeds germinate and emerge. The use of 
postemergence herbicides may allow the grower to 
treat only those areas or fields where weed popula­
tions exceed economically damaging levels.
Weed Interference
The level of infestation that is economically 
damaging differs according to the weed species and 
depends upon its time of emergence, life cycle, and 
growth habit. Broadleaf and grass weeds compete at 
different levels of intensity, and species within these 
groups may also differ greatly. These thresholds may 
vary with the competitiveness of the crop, environ­
mental conditions, and other weeds present at 
various populations with different competitive 
abilities.
Zimdahl (1980) reviewed some of the literature 
on weed-crop competition. Most competition studies 
indicate that if weeds are removed from the field 
within four to six weeks after crop emergence, they 
are not likely to reduce yield. Further, if fields are
kept weed free for four to six weeks after crop 
emergence, weeds that emerge later will not signifi­
cantly reduce yield. These time intervals may vary 
depending upon row spacing and competitiveness of 
the crop. Stoller et al. (1987) summarized some of the 
biological and ecological principles involved in 
weed-soybean interference.
Economic Thresholds
Economic thresholds may be used to add preci­
sion to weed management systems by insuring that 
control is actually needed. Coble (1992) provided an 
overview of the economic threshold concept and how 
it is being implemented.
The use of economic weed thresholds in Illinois 
has been limited. Growers have several effective 
herbicides available, and if they are willing to spend 
enough money, they can achieve near perfect weed 
control in most situations. In some cases, however, 
the final weed control practice is based on field 
appearance rather than economics.
In order to identify some of the limitations to 
using economic thresholds for weed management, 
participants at a field day in Sangamon County were 
surveyed. They were asked to rank the most impor­
tant reasons for not utilizing economic weed thresh­
olds.
The two main concerns identified were landlord 
perceptions about the practice, and the problem of 
weed seed production for the future. Other limita­
tions included harvest problems due to weeds, 
general appearance of the field, and the effects of the 
growing season on weed pressure. Lack of available 
weed competition data, time required to scout fields, 
and the need to improve weed identification skills 
were also identified.
In spite of these limitations, interest in economic 
weed thresholds is growing. As a part of their weekly 
scouting report, Midwest Consulting Service pro­
vides their clients with information about weed
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density and potential yield loss (Larson 1993). They 
use estimates of weed competition from the Illinois 
Field Crop Scouting Manual as a baseline. Although 
actual yield loss may vary from field to field, these 
estimates give farmers some guidelines for making a 
more informed management decision.
As computer programs for calculating economic 
thresholds become more available, this practice will 
surely increase. HERB is a computer program 
developed at North Carolina State University for 
estimating multispecies economic thresholds in 
soybeans. (Wilkerson et al.1988). This program has 
been modified in other states to better estimate weed 
losses and adapt it to common agronomic practices 
in those states (Coble and Mortensen 1992).
We are currently evaluating the HERB program 
in Illinois. Dean Sasse is a producer in Logan County 
who is cooperating with some on-farm research to 
field validate the HERB program under Illinois 
conditions.
Economic Optimum Threshold
Using a single season threshold may not be 
suitable for the management of perennial weeds such 
as hemp dogbane or swamp smartweed. Similarly 
the effects of weed seed production are not always 
addressed by economic thresholds.
If a new weed problem is just beginning on a 
farm, single season economic threshold data may not 
be appropriate. For example, shattercane or woolly 
cupgrass plants may not approach an economic 
threshold during the first year of infestation. Once 
established, however, these plants often become 
significant weed problems.
Economic optimum threshold (EOT) considers 
both the effects of yield loss and also weed seed 
production and increased weed pressure for future 
crops (Cousens 1987). These models estimate long­
term costs and benefits of weed control, not just a 
single year management decision (Bauer and 
Mortensen 1992). As information on weed seedbanks 
and population dynamics continue to expand, long­
term economic thresholds can be adjusted (Jordon 
1992).
Summary
Economic thresholds will become more impor­
tant as farmers look for ways to improve efficiency 
and save money. The time spent scouting fields and 
assessing weed populations will allow for more site 
specific weed management. Conservation tillage 
continues to increase and crop scouting becomes 
more critical for successful weed management. As
tillage is reduced or eliminated, more emphasis is 
placed on herbicides for weed control, and timely 
weed scouting becomes essential for making treat­
ment decisions.
Concern over chemical contamination of surface 
water and the development of herbicide resistant 
weeds have resulted in some changes for weed 
management. Herbicide rate restrictions, the use of 
filter strips and setback zones near vulnerable areas 
have been adopted to protect surface water. Inte­
grated Pest Management (IPM) is often highlighted 
in watershed management plans. In addition, IPM 
practices such as herbicide rotation and the use of 
economic thresholds, have been proposed to slow the 
development of herbicide resistant weeds.
In most situations, some type of weed manage­
ment is necessary for optimum crop yield. Economic 
thresholds for weeds may be most useful after some 
form of primary weed control has been done. Grow­
ers could then decide if the level of weed control in a 
given field is acceptable, or if additional weed 
management practices are economically justified.
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Foliar Diseases of Corn and Fungicide
Thresholds
Lindsey duToit and H. W. Kirby
Foliar diseases of corn are a normal component 
of the cropping season every year throughout the 
Midwest. They vary according to the particular 
pathogen present, hybrids planted, tillage systems 
used, and weather conditions. However, they are not 
normally a problem requiring fungicide applications 
for management of dent corn but can be a significant 
problem in seed production areas.
There are three foliar pathogens that are com­
monly found throughout Illinois. Southern corn leaf 
blight (Bipolaris maydis, syn Helminthosporium maydis) 
is seen primarily in southern Illinois, but can also be 
found in the central portion of the state. Northern 
corn leaf blight (Exerohilum turcicum, syn Helmintho­
sporium turcicum) is the primary foliar pathogen in 
the northern portion of the state but is also found in 
central Illinois. Northern corn leaf spot (Helmintho­
sporium carbonum) is limited to northern Illinois and 
is generally found only in seed production fields 
where susceptible inbreds are planted.
Anthracnose (Colletotrichum graminicola) and 
common rust can also be a problem throughout 
much of Illinois. Common Rust (Puccinia sorghi) was 
found throughout much of central and northern 
Illinois this past season. Although it appeared to 
cause much visible damage, there was no economic 
loss reported in production fields. Hybrids planted in 
Illinois contain genes for resistance to this pathogen. 
Although plants may show some pustules, resistance 
slows the progress of the disease and the amount of 
damaged tissues is not high enough to cause eco­
nomic damage to plants other than susceptible 
inbreds.
Control of foliar pathogens in corn is largely 
accomplished through selection of resistant hybrids. 
Resistance commonly reduces either the rate of lesion 
expansion or the ability of the fungus to reproduce in 
the infected tissues. Thus, although there are lesions 
on the plants, the loss of leaf tissue or the formation 
of new lesions is greatly reduced than when com­
pared to a susceptible plant.
However, in susceptible plants, there needs to be 
a method of assessing the amount of tissues lost in 
order to best time the application of fungicides. 
Typically, visual observations by scouts not using 
threshold diagrams results in misidentification of the 
actual amount of leaf tissues damaged. Scales 
containing leaf area diagrams have been developed 
to assist in correctly determining the level of infec­
tion and damage.
The most commonly used scales are those 
developed by Clive James. These scales are a set of 
diagrams for many common diseases illustrating 
different amounts of damage to tissues. Scouts 
compare the scale to infected tissues and make a 
more accurate assessment of damage. This reduces 
the potential for unnecessary fungicide applications 
because of overestimating the need for these materi­
als.
To determine thresholds for foliar pathogens, 
several factors must be taken into account. The first 
of these is correct identification of the pathogen. 
Without this basic information, no proper assessment 
of the need for a fungicide application can be made.
The second factor is relative level of resistance in 
the plant. As previously mentioned, most commer­
cial hybrids contain adequate levels of resistance to 
the common leaf-blighting pathogens found through­
out the Midwest. However, seed production fields 
are often planted to susceptible inbreds and must be 
carefully monitored for disease. In addition to 
identifying the pathogen, scouts should have some 
background information on the expected reaction of 
the plants to common foliar pathogens. Thus, if there 
is an unexpected reaction (such as the appearance of 
a new race of a pathogen), scouts can relate this to 
the appropriate individuals for the necessary follow­
up.
Another factor used in determining thresholds is 
the amount of damage which causes economic loss. 
For both weed science and entomology, it is possible 
to assess pest numbers when developing thresholds.
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However, with few exceptions, plant diseases must 
be assessed using damage thresholds rather than by 
counting actual pest numbers. These will vary 
depending upon age or growth stage of the crop, 
level of resistance, pathogens present, area of the 
plant affected, and other agronomic factors.
For most leaf blights, the lower portion of the 
plant is affected first. With anthracnose or rust, the 
upper portions will have the initial damage. The 
critical time for assessment is the period about two 
weeks before tasseling until about two weeks after­
wards. If weather conditions favor disease develop­
ment (warm, humid to wet, for most pathogens), it
may be necessary to extend the scouting period. 
Leaves need to be kept relatively disease-free during 
pollination to assure maximum photosynthesis and 
ear and grain development. Prior to this period, it is 
often not economical to apply fungicides to suscep­
tible plants and later in the season it becomes less 
important to have maximum leaf productivity.
Applications of fungicides should be made to 
protect during the critical pollination period. Since 
these materials are protectant in nature, they must be 
applied before a critical loss of leaf tissue is reached. 
Thus, proper scouting and identification is necessary 
for successful management.
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Adjuvants to Improve Herbicide Performance
Marshal D. McGlamery and Brian R. Wade
Adjuvants are added to the spray mix to improve 
herbicide performance and minimize potential 
failures under adverse conditions. The most common 
adjuvants are nonionic surfactants (NIS), crop oil 
concentrates (COC), and ammonium fertilizer salts. 
These are used to increase the effect of the spray on 
the target site. Labelled adjuvants for corn and 
soybean postemergence herbicides are shown in 
Table 1 and Table 2, respectively.
Nonionic surfactants (NIS) lower the surface 
tension of spray droplets, allowing greater spray 
coverage. They may be referred to as spreaders or 
wetting agents. Surfactants are generally 
polyoxyethylated aliphatic alcohols, but may also 
contain fatty acids to improve herbicide penetration. 
The new organo-silicone surfactants have tremen­
dous spreading ability. Herbicide labels may specify 
that the NIS should contain a minimum of 75 to 80% 
active ingredient or otherwise use a higher rate of 
NIS. NIS is usually applied at 0.5 to 1 pints per acre 
or 0.125 to 0.5% on a volume basis. Table 3 is a listing 
of some nonionic surfactants. Table 4 lists surfactant- 
fertilizer pre-mixes, while Tables 5 and 6 list some 
special surfactants.
Crop oil concentrates (COC) are phytobland oils 
with emulsifiers added to allow mixing with water. 
The oil may be of petroleum (POC) or vegetable 
(VOC) origin. Oils increase spray penetration 
through the leaf cuticle. POC's contain 83 to 85% oil 
and 15 to 17% emulsifier while VOC's contain 85 to 
93% refined vegetable oil and 7 to 15% emulsifier. 
Methylated vegetable oils are fatty acid methyl esters
Table 1. Spray adjuvants for postemergence corn herbicides
Herbicide(s) Adjuvants allowed* Comments
Atrazine POC/VOC
Accent alone POC or NIS +/- UAN
+ atrazine POC +/- UAN
+ Banvel or Marksman NIS +/- UAN
+ Buctril or Buctril/Atr NIS+/-UAN
Beacon alone POC/VOC or NIS +/- UAN
+ 2,4-D, Banvel or Buctril NIS
Bladex DF or Extrazine II DF NIS or VOC If very drouthy; not with 4L
Banvel NIS or UAN Particularly if drouthy
Clarity UAN+/-NIS or POC NIS or POC only if drouthy
Marksman NIS or COC or UAN Particularly if drouthy
Laddok; Basagran + atrazine POC/VOC/Dash + UAN UAN for velvetleaf
Laddok + 2,4-D LVE UAN Do not add COC or Dash
Buctril or Buctril/Atrazine NIS or COC or UAN Increases injury potential
* COC = crop oil concentrate of unspecified base 
POC = petroleum oil concentrate only 
POC/VOC = either petroleum or vegetable oil concentrate 
NIS = nonionic surfactant
UAN = urea ammonium nitrate solution (28-0-0)
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which increase herbicide penetration. Most herbicide 
labels allow POC or VOC, but some such as Assure 
II, Classic and Accent specify POC only. COC's are 
used at 1 to 2 pints per acre or 0.5 to 1% by volume. 
Some POC's are listed in Table 7, while VOC's 
(regular and methylated) are listed in Table 8.
Ammonium fertilizer adjuvants are added to 
increase herbicide activity on certain weed species 
such as velvetleaf. Urea ammonium nitrate (UAN) 
solution (28-0-0) is the most common fertilizer 
adjuvant, although ammonium polyphosphate (10­
34-0) or ammonium sulfate (AMS) may also be 
allowed. UAN is used at 2 to 4 quarts per acre or 2 to 
4% by volume. Contact herbicide labels often specify 
that fertilizer adjuvants replace NIS or COC while 
translocated herbicides usually specify UAN in 
addition to NIS or COC. Mixtures of ammonium 
salts plus surfactant are available where a combina­
tion is desired (Table 5).
Compatibility agents are adjuvants added to the 
spray tank to improve mixing, especially with a 
liquid fertilizer spray carrier. Compatibility agents 
are usually phosphatic esters of alkyl, aryl, polyoxy 
ethanol, or ethylene glycol plus an alcohol 
solubilizer. Extra phosphatic acid may be added for 
buffering (acidifying) effects.,Herbicide labels often 
specify a compatibility test to determine the need for
a compatibility agent when mixing herbicides with 
liquid fertilizer. The rate is usually 1 to 4 pints per 
100 gallons of spray mix. Table 9 is a listing of some 
commercial compatibility agents.
Drift reduction agents are added to the spray 
tank to reduce small droplet formation and thus 
minimize drift problems. They are polyacrylamide or 
polyvinyl polymers. The use rate per 100 gallons of 
spray is 2 to 10 fluid ounces of concentrated forms 
and 2 to 4 quarts of dilute forms (1-2% active ingredi­
ent). Some drift reduction agents are listed in Table 
10.
Buffer-surfactants or buffer-compatibility 
agents contain organic phosphatic acids which 
provide an acidifying effect on spray mixes where a 
pesticide is affected by alkaline water. Most herbi­
cides do not need a buffering agent and some 
sulfonylureas such as Classic and Pinnacle should 
not be acidified. A buffering effect is provided by 
ammonium sulfate added to the spray mix to help 
some herbicides such as Roundup. A compatibility 
agent may contain extra free organic phosphatic acid 
to acidify (buffer) the spray mix. Table 11 is a listing 
of some available commercial buffer-surfactants and 
buffer-compatibility agents.
Defoamers are added to the spray tank to 
minimize foaming and air entrapment particularly
Table 2. Spray adjuvants for postemergence soybean herbicides
Herbicide Adjuvants allowed* Comments
Broadleaf Herbicides
Basagran POC/VOC or/+ UAN Varies with mix and weed
Blazer NIS or UAN UAN for velvetleaf
Classic POC or NIS + UAN
Cobra POC or NIS or/+UAN NIS only if high humidity
Galaxy POC/VOC or UAN UAN for velvetleaf
Pinnacle or Concert NIS or POC + UAN POC only if drouthy
Pursuit POC/VOC or NIS + UAN
Reflex COC or NIS + UAN
Scepter O.T. NIS
Storm POC/VOC or NIS or UAN
Grass Herbicides
Assure II POC or NIS
Fusilade or Fusion POC/VOC or NIS +/- UAN
Option II COC or NIS Not if rhizome johnsongrass
Poast Plus POC/VOC or Dash +/- UAN
Select COC
* COC = crop oil concentrate, unspecified base 
POC = petroleum oil concentrate only 
POC/VOC = either petroleum or vegetable oil concentrate 
NIS = nonionic surfactant
UAN = urea ammonium nitrate solution (28-0-0)
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where spray agitation is excessive. Defoamers are 
usually dimethylpolysiloxane products. Many 
surfactants already have defoamer added to mini­
mize foaming problems. Some commercial defoam­
ers are listed in Table 12.
Foaming agents are often used in marking 
systems to indicate spray width. These are usually 
modified alkylsulfate alcohols which provide a semi­
stable foam. Some commercial foaming agents are 
listed in Table 13.
Spray tank cleaners are used to clean pesticide 
and fertilizer residues from spray tanks to minimize 
cross-contamination of sprays. These are especially 
important with postemergence sprays when chang­
ing crops. Aqua ammonia or household ammonia 
can also be used as a spray tank cleaner and is 
recommended when 2,4-D or dicamba have been in 
the spray tank. Hypochlorite bleach has been used, 
but do not use if ammonium fertilizer residues 
remain in the tank. Table 14 is a listing of some 
commercial spray tank cleaners.
Table 3. Nonionic surfactants (NIS) used with herbicides
Trade Name Company Trade name Company
Activate Plus 
Activator 90 
APSA 80 
Aquagene 90 
COOP Spreader 
Induce pH 
Latron AG-98 
LI-700
Riverside / T erra 
Loveland Industries 
Amway
Universal Coops 
Farmland/COOP 
Helena Chemical 
Rohm & Haas 
Loveland Industries
Neptune 
Pen-A-Trate II 
R-900
Spray Booster-S 
Spray Fuse 90 
Surf-Ac 910 
Surf-Aid 
Valent X-77
Loveland Industries 
Precision Labs 
Wilbur-Ellis 
Cenex/Land O'Lakes 
Cornbelt Chemical 
Drexel Chemical 
Riverside/Terra 
Valent Chemical
Table 4. Surfactant-fertilizer pre-mixes used with herbicides
Cayuse
Chaser
Dispatch
Inhance
Wilbur-Ellis 
Riverside / T erra 
UAP/Grower Service 
Wilbur-Ellis
Nitro-Surf
Patrol
Patrol-34
P-28
Drexel Chemical 
Helena Chemical 
Helena Chemical 
Precision / Farmland
Table 5. Specialized surfactants for specific herbicides
Name Herbicide Company Components
Dash 
Entry II
Poast Plus 
Accord
BASF
Monsanto
Fatty acids + solvents 
Ethoxylated tallow amine
Table 6. Organo-silicone surfactants
Kinetic Helena Chemical
Silwet L-77 Union Carbide
Sylgard 309 Dow Corning/Wilbur-Ellis
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Table 7. Petroleum oil concentrates (POC) used with herbicides
Trade Name Company Trade name Company
Activate Oil Adj. 
Agicide Activator 
Agri-Dex 
Clean Crop Oil 
Crop Oil Cone. 
Crop Oil Plus
Drexel Chemical 
Loveland Industries 
Helena Chemical 
Loveland Industries 
Riverside/Terra 
Universal Coops
Herbimax
Invade
Kick-Start
Maximizer
Peptoil
Prime Oil
Loveland Industries 
Riverside/Terra 
Helena Chemical 
Loveland Industries 
Drexel Chemical 
Riverside/Terra
Table 8. Vegetable oil concentrates (VOC) used with herbicides
Unmethylated Company Methylated Company
Cenex Veg. Oil 
Land Oil 
Prime Oil II 
Soy-Dex 
Veget-Oil 
Veg-Oil Cone. 
V-92 Veg. Oil
Cenex/Land O'Lake 
Wilken Asssoc. 
Riverside/Terra 
Helena Chemical 
Drexel Chemical 
Helena Chemical 
Farmland /COOP
Conquer 
Dyne-Amic 
MES-100 
Meth Oil 
MSO Cone. 
Scoil 
Sun-It II
United Suppliers 
Helena Chemical 
Drexel Chemical 
Riverside / Terra 
Loveland Industries 
AGSCO
AGSCO/Am-Cy
Table 9. Compatability agents used with herbicides
Trade Name Company Trade Name Company
Blendex 
Combine 
E-Z Mix 
Kem-Link
Helena Chemical 
Riverside/Terra 
Loveland Industries 
Universal Coops
Latron AG 44M 
Spray Aide 
Sponto 168D 
Unite
Rohm & Haas 
Miller Chemical 
Whitco Chemical 
Loveland Industries
Table 10. Drift reduction agents used with herbicides
Concentrated Company Diluted (1-2% ai) Company
38F
Direct
More
Nalcotrol
Spray-Trol
Windbrake
Loveland Industries 
Precision Labs 
Exacto Chemical 
Nalco Chemical 
Spectrum Tech. 
Riverside/Terra
Chem-Trol 
Formula 358 
Stay-Put 
Windfall
Loveland Industries 
Exacto Chemical 
Nalco Chemical 
Riverside/Terra
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Table 11. Buffer-surfactants and buffer-compatability agents to acidify spray mixes
Buffer-Surfactant Company Buffer-Compat. Company
Balance Precision Labs Ballast Cenex/Land O'Lakes
Buffer P. S. Helena Chemical Buffet Riverside/Terra
Buffer Xtra Helena Chemical Latron AG 44M Rohm & Haas
Indicate 5 
LI-700
Claw El/Brandt 
Loveland Industries
Spray-Aide Miller Chemical
Table 12. Defoamers used in spray mixes
Trade Name Company Trade Name Company
De-Feater 
De-Foamer 
Defoamer II 
Foam Buster
Exacto Chemical 
Riverside / T erra 
Loveland Industries 
Helena Chemical
Foam Fighter 
Foamgard 
Knockdown 
Unfoamer
Miller Chemical 
Custom Chemicides 
Precision Labs 
Loveland Industries
Table 13. Foaming agents used in spray swath markers
Trade Name Company Trade Name Company
Agri-Marker 
Easy Spot 
Edge 
Pro-Foam
Precision Labs 
Cornbelt Chemical 
Custom Chemicides 
Riverside / T erra
Swath Marker 
Trace-A-Line 
Tuff-Trak 
X-Mark
Miller Chemical 
Trace Chemical 
Loveland Industries 
Precision Labs
Table 14. Spray tank cleaners for rinsing pesticide residues from sprayers
Trade Name Company Trade Name Company
Chem-Tank Cleaner 
Clean Sweep 
Incide-Out 
Neutral-Clean 
Nutra-sol
Farmbelt Chemical 
Exacto Chemical 
Precision Labs 
Wilbur-Ellis 
Nutra-sol
Protank Cleaner 
Riverside TC 
Tank-Aid
Tank/Equip. Cleaner 
Wipe-Out
Cenex/Land O'Lakes 
Riverside/Terra 
Cornbelt Chemical 
Loveland Industries 
Tomorrow's Tech.
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Application of Postemergence Herbicides with
Minimum Drift
Loren E. Bode and Robert E. Wolf
Application of postemergence herbicides are 
rapidly increasing, especially for corn and soybean 
production. Techniques for foliar spraying are 
considerably different than those traditionally used 
for soil applied products. In addition, many of the 
new generation of foliar herbicides are highly active 
at extremely low rates, often in ounces or grams per 
acre. The success of a postemergence herbicide 
depends on the timing and accuracy of application, 
and the coverage obtained on the target weed. 
Weather variables influence the amount of spray 
retained on the weed and the resulting performance 
of the herbicide, as well as the amount of off-target 
drift that occurs.
Droplet Size
A basic understanding of droplet size effects on 
postemergence herbicides is important when select­
ing techniques for foliar application. The relationship 
between droplet size and the resulting coverage on 
the target versus the amount of spray drift that
occurs is complex, resulting in several common 
misconceptions regarding droplet size and foliar 
application. For example, it is generally believed that 
applying small droplets at high spray pressures will 
provide increased control with low volumes of spray 
solution. Research data, as well as a study of particle 
dynamics, does not substantiate this theory for most 
chemicals. It is true that atomizing a known amount 
of spray solution into smaller droplets will increase 
the coverage possible, but one must also consider 
evaporation, drift potential, canopy penetration, and 
deposition characteristics.
The coverage or density of droplets on a surface 
which can be theoretically achieved with uniform 
droplets of various sizes when applied at 1 gallon per 
acre is shown in Table 1. Decreasing the droplet size 
from 200 to 20 microns will increase coverage 10 fold. 
Results of many studies indicate that spray density 
required for effective weed control varies consider­
ably with plant species, plant size, and condition, as 
well as herbicide type, additives, and carrier used. 
From Table 1 it is obvious that droplet density
Table 1. Spray droplet size and its effect on coverage and drift
Droplet
diameter
(microns)
Type of 
droplet
Droplets 
per in2 
(No.)
1 gal/ A application
Coverage relative 
to 1000 micron 
drops
Drift distance 
in 10 ft. fall 
with 3 mph 
wind (ft)
5 Dry Fog 9,220,000 200 15,800
10 1,150,000 100 4,500
20 Wet fog 144,000 50 1,109
50 9,220 20 178
100 Misty rain 1,150 10 48
150 342 7 25
200 Light rain 144 5 15
500 9 2 7
1000 Heavy rain 1 1 5
aAir temperature of 86° F and 50% relative humidity
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becomes small for droplets above 200 microns at low 
application rates. Although excellent coverage can be 
achieved with extremely small droplets, decreased 
deposition and increased drift potential limit the 
minimum size that will provide effective weed 
control.
Drift potential of various size droplets is also 
shown in Table 1. It can be seen that a non-evaporat­
ing 100 micron droplet will move 48 feet horizontally 
in a 3 mile per hour wind while falling 10 feet. 
Droplets under 50 microns are nearly invisible in the 
air and can remain suspended for long periods of 
time.
With water carriers, spray droplets will decrease 
in size due to evaporation during their fall. Droplets 
less than 100 microns in size obtain a horizontal 
trajectory in a very short time and the water in the 
droplet rapidly disappears. The active ingredient in 
these droplets becomes very small aerosols, most of 
which will not fall out until picked up in falling rain. 
Table 2 shows the life time of evaporating water 
droplets and the distance they would fall in still air 
before disappearing. Water droplets less than 20 
microns in diameter will evaporate in less than 1 
second while falling less than 1 inch. Droplets over 
100 microns in size resist evaporation much more 
than smaller droplets due to their larger ratio of 
volume to surface area.
From these and other research results, we can 
conclude that there is a rapid decrease in drift 
potential of droplets as they increase to about 150 or 
200 microns. The size where drift potential decreases 
depends on wind speed, but generally lies in the 
range of 150 to 200 microns for wind speeds of 1 to 7 
miles per hour. For typical ground applications of 
herbicides with water carriers, droplets of 50 microns 
or less will completely evaporate to a residual core of 
pesticide before reaching the target. Droplets greater 
than 150 microns will have no significant reduction 
in size before deposition on the target. Evaporation 
of droplets between 50 and 150 microns are signifi­
cantly affected by temperature, humidity, and other 
climatic considerations.
Most hydraulic nozzles produce a wide range of 
droplet sizes, from less than 10 microns to over 1000 
microns depending on the type and size of nozzle 
being used. The actual size distribution of droplets 
produced by a nozzle needs to be known in order to 
make adjustments concerning coverage, deposition, 
and spray drift potential.
To estimate the drift potential from spray 
nozzles, the percentage of the spray volume that is 
contained in droplets having diameters less than 100 
microns frequently is used to represent the 
"driftable" fraction of spray produced by a nozzle. 
Table 3 shows a summary of droplet sizes for typical 
nozzles used to apply herbicides. As shown in the 
table, there is a wide range of spray volume con­
tained in droplets less than 100 microns. The spray 
volume contained in small droplets is affected by 
nozzle type, nozzle size, and spray pressure. For each 
application, these operating parameters must be 
selected to provide the coverage required while 
maintaining the drift potential within acceptable 
limits.
Several factors determine if a spray particle will 
be deposited and captured by the natural surfaces of 
a particular weed. These include (1) the size and 
content of the droplets; (2) the size, shape and 
density of the target; (3) the wind speed and other 
meteorological conditions; and (4) the nature of the 
deposition surface. In general, the deposition effi­
ciency of droplets on a weed surface increases with 
droplet size and wind speed, and decreases as the 
size of the target increases. Very small droplets (less 
than 50 microns) are collected efficiently by insects or 
by needles on coniferous plants, but tend to remain 
in the airstream and be carried around stems and 
leaves of weeds. Medium size droplets that are 
applied when there is some air velocity will deposit 
more efficiently on stems and narrow vertical leaves 
such as grasses, while large droplets will deposit 
most efficiently on large flat surfaces such as
Table 2. Evaporation and Deceleration of Various Size Droplets3
Droplet
diameter
(microns)
Deceleration
distance
(in)
Terminal
velocity
(ft/sec)
Time to 
evaporate 
(sec)
Fall
distance
(in)
Final 
drop dia. 
(microns)
20 <1 .04 0.3 <1 7
50 3 .25 1.8 3 17
100 9 .91 7 96 33
150 16 1.7 16 480 50
200 25 2.4 29 1,512 67
Conditions assumed: 90° F, 36% Relative Humidity, 25 psi, 3.75 % pesticide solution.
83
Table 3. Comparison of droplet spectrums for various nozzle types, sizes and pressures
DROPLET SIZE COMPARISONS OF NOZZLE TYPE AT 40 PSI
Nozzle
Type
Nozzle
Size
Nozzle
Flow
(GPM)
Volume
Median
Diameter
(microns)
% of
Spray Vol 
under 100 
microns
Flooding No. 1.0 0.2 185 15.5
No. 2.5 0.5 225 11.5
No. 5.0 1.0 310 8.5
Whirl- No. 2 0.2 145 23.0
chamber No. 5 0.5 175 18.0
No. 10 1.0 235 10.5
Raindrop RA-2 0.2 330 1.0
RA-5 0.5 590 0.6
RA-10 1.0 980 0.4
DROPLET SIZE COMPARISON OF NOZZLE SIZE AT 40 PSI
Nozzle
Type
Nozzle
Size
Nozzle
Flow
(GPM)
Volume
Median
Diameter
(microns)
. %of 
Spray Vol 
under 100 
microns
Flat- No. 1 0.1 160 23.0
Fan No. 2 0.2 240 10.0
(110°) No. 4 0.4 325 4.5
No. 8 0.8 425 2.5
DROPLET SIZE COMPARISONS OF PRESSURE
Volume % of
Nozzle Spray Median Spray Vol.
Type Pressure Diameter under 100
(psi) (microns) microns
Whirl- 10 430 0.08
chamber 20 309 0.26
40 261 0.63
60 230 1.88
Flat-Fan 20 344 0.81©oo 40 280 2.88
60 236 5.45
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broadleaved weeds. In reality, a range of droplet 
sizes is required to effectively deposit on the variety 
of weed sizes, shapes, and orientations that occur in 
actual field conditions.
The actual droplet size range for effective control 
of weeds from postemergence herbicides depends on 
the specific herbicide being applied, the kind and 
size of the target weed, and the weather conditions. 
There have been conflicting reports regarding the 
ideal spray volume, pressure, and nozzle type to 
obtain the most consistent weed control. Most of the 
conflict is due to the large variation in the parameters 
mentioned above during the actual application.
Considerable research has been done to evaluate 
the biological performance of several postemergence 
herbicides when applied with a variety of nozzle 
types. A general summary statement can be made 
that experimental results to date suggest that any 
nozzle type that produces a droplet size spectrum in 
the range of 100 to 400 microns does not greatly 
influence biological performance over a range of 
conditions unless application volumes are extremely 
high or very low. Exceptions to this exist for specific 
herbicides.
Spray Volume and Pressure
Spray volume can have a major impact on 
performance of foliar herbicides. As spray volume is 
decreased, the herbicide concentration is increased to 
maintain the same applied dose of active ingredient. 
Table 4 shows typical results of one of our field 
studies, in which control was significantly increased 
for a broadleaved weed contact herbicide, while 
there was very little change in weed control for two 
translocated grass herbicides as the volume increased 
from 5 to 20 gallon per acre (GPA). In general, for our 
studies which have been conducted for several years, 
a reduction in spray volume caused little difference 
in biological effect for translocated herbicides at a
given dose, but reduced the control for contact 
herbicides. There are exceptions and some herbicides 
do not fall into either category consistently due to 
variations in conditions from year to year. In addi­
tion, spray additives greatly affect the effectiveness 
of foliar herbicides.
Presently there is a renewed interest in reducing 
spray volume from the commonly used 10 to 20 GPA 
to 5 to 10 GPA. A perception of some applicators is 
that higher pressure can substitute directly for spray 
volume. Some applicators are increasing spray 
pressure from a normal 30 to 40 psi range to 60 to 120 
psi while reducing the spray volume by one-half. The 
idea is to "drive" the small particles into the canopy 
to obtain increased coverage. Our current studies do 
not verify this theory. Table 2 again shows the 
evaporation and deceleration of various size droplets 
as they exit a spray nozzle. A 50 micron droplet will 
decelerate to its extremely low terminal velocity in a 
distance of 3 inches from the nozzle. Small particles 
have low momentum and insuficient energy to 
transport them into a plant canopy. Increasing 
pressure cannot be used as a direct substitute for 
spray volume. Some new air-assist spray systems 
show good potential to allow low volume applica­
tions by using air to transport the small particles into 
the plant canopy.
Our recommendation for applying foliar herbi­
cides is to select flat-fan or flooding nozzles. Flat-fan 
nozzles should be operated from 30 to 40 psi and 
mounted at a height and spacing to obtain a 50 to 
60% overlap at the top of the target weeds. For some 
applications, 110 degree nozzles can be used at a 30 
inch spacing in order to keep the nozzle size reason­
ably large. Flooding nozzles should be spaced 40 
inches or less and operated at pressures ranging from 
30 to 40 psi. The nozzles should be mounted to 
obtain at least double coverage (100% overlap).
Table 4. Effect of Spray Volume on Foliar Application of Postemergence Herbicides
Spray
volume
(GPA)
Velvetleaf
control
(%)1
Grass
control
(%y
Grass
control
(%y
2.5 60 d2 65 b 72 a
5 80 c 64 b 71 a
10 85 b 64 b 71 a
20 91 a 72 a 69 a
1 The % weed control was taken 8 days after each of the three different herbicides were applied.
2 Numbers followed by the same letter in a column are not significantly different at the 10 % level.
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Influence of Water Characteristics on Spraying
Bob Reeves
Water, as perceived by most people, is an in­
nocuous material that has many uses and is readily 
available. In most cases this is true; however, there 
are many situations where water behaves as a very 
active chemical substance. As a result, it produces 
some extremely undesirable effects. One example of 
water's activity is the corrosion and mineral deposits 
in hot water heaters and boiler systems. Another, and 
the one this presentation will focus upon, is it's affect 
on agricultural chemical products.
The function of water as a carrier diluent for 
pesticides is well known and utilized. In fact most 
pesticidal products are formulated to be mixed with 
water to insure accurate and even distribution over 
the area to be sprayed. Emulsifiable concentrates, 
micro-emulsions, suspo-emulsions, flowables, 
solubles, wettable powders, and water dispersible 
granules are all examples of formulation types that 
are combined with water.
Water is rarely pure in its composition. Compo­
nents of water can include dissolved minerals and 
gasses, by-products of chemical reactions that have 
taken place between constituents, and products of 
photosynthesis, respiration and excretion from 
microbial organisms. These are constituents of water 
that are included "naturally". In addition, water is 
frequently "treated" by municipalities and water 
supplying districts. This entails addition of materials 
for the purpose of chlorination and fluoridation. 
Materials are also added to remove or prevent scale 
in the distribution lines. Recognition of these facts 
will bring one to the conclusion that water is not 
"just water".
One of the characteristics given to water by its 
many and varied constituents is termed pH. This 
attribute is a representation of the relative degree of 
acidity or alkalinity. The scale for this representation 
ranges from 1 to 14. Seven is considered neutral, 
while numbers above 7 indicate an alkaline condition 
while those below 7 indicate acidity.
Of the facts presented, two aspects of the charac­
teristics of water will be considered in relation to its 
use with pesticidal materials. These are the impact of 
pH and the effects of the mineral constituency of 
water.
Most water that will be mixed with pesticides is 
alkaline. This is due to the fact that water tends to be 
naturally alkaline. This holds true regardless of the 
source, be it surface water or water from subsurface 
wells. Treated water from municipalities is nearly 
always alkaline. This, in part, is due to the use of 
materials like soda ash, which is added to prevent 
scale in distribution lines. There is also the common 
practice of tank mixing pesticides with other materi­
als, some of which have the ability to increase the 
pH. Examples of such products are dolomitic lime, 
lime, lime sulfur, and liquid ammonia.
These facts almost guarantee that when pesti­
cides are combined with water they will be exposed 
to an alkaline condition. This condition in and of 
itself is not a problem. The problem occurs when a 
particular pesticide is susceptible to breakdown or 
degradation under the conditions of alkalinity. This 
condition is termed "alkaline hydrolysis". The 
severity of the effect of alkaline hydrolysis will be 
governed by the degree of alkalinity of the water, the 
relative susceptibility of the pesticide, the time of 
exposure to the condition, and the temperature of the 
water.
In the analysis of the factors influencing the 
severity of the problem, it is found that the higher the 
pH, the more rapidly the breakdown occurs. In fact 
for every pH point increase, the rate of hydrolysis 
will increase by a factor of 10. With regard to suscep­
tibility, insecticides are generally more prone to 
degradation than fungicides, herbicides, defoliants, 
or growth regulators. With regard to insecticide 
stability, organophosphates and carbamates are 
affected more adversely than chlorinated hydrocar­
bons. Additionally pyrethroids, especially the first
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generation, exhibit susceptibility to hydrolysis. The 
time of exposure of a pesticide to an alkaline condi­
tion directly determines the amount of loss by the 
process of degradation. This factor can be controlled 
to an extent by applying the mixture as soon as 
possible after the initial preparation with the water. 
The process of hydrolysis will continue until the 
spray droplet has dried; at that point the degradation 
will cease. While water temperature can be influen­
tial on the rate of degradation, its effect is usually 
minimal because the temperature of water from 
different sources does not exhibit wide variation.
How do these facts relate to the practical aspects 
of agricultural pesticide usage? It is possible under 
conditions of high pH water coupled with suscep­
tible pesticides to experience losses to the extent of 
impacting performance. The losses can and do 
approach 50% in as little as a few hours. Losses by 
this mechanism are permanent and irreversible.
From a practical standpoint, what can a person that 
applies pesticides do to reduce this potential adverse 
effect of water? The first step is to determine the pH 
level of the water that will be used with the pesticide. 
Next, determine the relative level of susceptibility of 
the pesticidal material being used. If the pH is high 
or the susceptibility great and there is likelihood that 
the exposure time is long, then steps to acidify the 
water should take place. There may be additional 
benefits to acidification other than improvement in 
chemical stability. There is evidence that supports the 
theory that lowering the pH of spray solutions 
enhances the rate of uptake of some pesticidal 
materials. It is believed that the improvement occurs 
as a result of change in the cuticle as well as in sub­
cuticular cell membranes.
The mineral constituency of water has long been 
suspected of having potentially adverse affects on 
pesticidal materials. Research in recent years has 
confirmed that certain mineral components of water 
can and do affect the performance of some 
agrichemical products. The process is generally 
termed antagonism. While there are various catego­
ries of antagonism, it is likely that the interaction of 
mineral constituents with pesticides is of the chemi­
cal or biochemical type of mechanism.
Antagonism by mineral salts that occur in water 
seems to affect herbicides more adversely and 
frequently than most other types of agrichemicals. In 
more exact terms, it is the mineral salts that have 
dissociated into their ionic form that produce the 
antagonistic effects. The cations or positive ions of 
the mineral salts include sodium, calcium, potas­
sium, magnesium, manganese, zinc, iron, aluminum, 
and copper. The corresponding anions are bicarbon­
ates, carbonates, chlorides, sulfates, and nitrates. The 
herbicide materials most typically associated with 
the phenomenon of antagonism are as follows: 
glyphosate, sethoxydim, 2,4-D amine and ester, 
MSMA, dalapon, paraquat, atrazine, DNOC, and 
endothal.
There are some differences of opinion on 
whether the ions that attach to the pesticide mol­
ecules actually cause deactivation. It probably 
matters little whether performance of a herbicide is 
reduced from deactivation or from diminished initial 
absorption and translocation. The cations of the 
mineral constituents are most frequently implicated 
in herbicide performance reduction; however, the 
anions have been known to attach to pesticides and 
may subsequently precipitate as an insoluble.
Research over the past 20 years has shown 
repeatedly that much of the antagonistic effect of 
water on pesticides can be reduced or eliminated. 
Successful reduction of this phenomena has usually 
centered around the use of ammonium containing 
additives. There are many theories that attempt to 
explain how mitigation of antagonism takes place. 
One prevailing thought is that the ammonium ions 
preferentially attach to the pesticide molecules, 
thereby preventing the formation of "large" molecu­
lar clusters which have difficulty in absorption and 
translocation. Another proposal is that the ammo­
nium ions have the ability to alter the protein struc­
ture in the cell wall which somehow renders it more 
permeable.
In conclusion, those that use agrichemical 
chemical materials should become aware of the 
potential adverse effects of water. Once the problem 
is recognized, then efforts can be made to reduce the 
impact water may exert on pesticide performance.
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Weed Control for No-till and Lo-till
Ellery L. Knake
The dramatic increase in conservation tillage has 
intensified interest in designing cost effective weed 
control programs to meet the challenge. While 
continuous no-till has been successful for some, a 
modest amount of tillage or a tillage rotation are 
options preferred by others.
With 10 to 11 million acres of corn and 9 to 10 
million acres of soybeans in Illinois, the two are often 
grown in sequence. While it would seem that no-till 
corn after soybeans would be easiest, some say that 
the opposite is true; and no-till drills have become 
quite popular.
Corn
There are many good herbicide choices that can 
fit quite well regardless of the degree of tillage. If 
good weed control has been obtained consistently 
each year there may be little or no need for increasing 
amount of herbicide or costs. The triazines for 
example, can usually give both burndown and 
residual. If a little extra help is desired for burndown, 
adjuvants such as crop oil and fertilizer solution can 
be considered. For some special problems, Roundup, 
Gramoxone Extra and 2,4-D can be considered.
Extrazine has done quite well and has become 
very popular for providing both early burndown and 
good residual control of a broad spectrum of weeds. 
Soil-applied choices for grass control have included 
Dual and Micro-tech used in premixes with atrazine 
as Bicep or Bullet which have generally performed 
well. Marksman, Buctril-atrazine or Laddok used 
postemergence following a soil-applied grass killer 
broaden the choice still further. Banvel, Clarity, and 
2,4-D are other options.
Being added to the arsenal is Frontier, and 
probably Surpass and Harness Plus with good 
activity primarily on grass weeds. Guardsman is a 
combination of Frontier plus atrazine. Broadstrike 
plus Dual is another new premix for corn. And
Tough, usually used with atrazine or Bladex, has 
been added for postemergence broadleaf control.
Accent offers new opportunities for 
postemergence grass control. It might be used in 
conjunction with an appropriate existing herbicide 
for broadleaf weed control. And potential for new 
combinations is being explored. For those interested 
in emphasis on postemergence, an earlier burndown 
can be considered.
For no-till corn following shallow rooted clovers, 
the triazines, Extrazine for example, can give both 
burndown and residual. However, for the deeper 
rooted alfalfa, a combination of 2,4-D plus Banvel is 
generally needed to translocate to the roots. Since 2,4- 
D is better than Banvel on dandelion, which is often 
found in old alfalfa stands, the combination is 
generally preferred to broaden control spectrum and 
is more consistent on alfalfa than Roundup. How­
ever, if perennial grasses such as bromegrass or 
orchardgrass are present, a good rate of Roundup, 
preferably in the fall, should be considered.
Soybeans
Soybeans present a little more challenge than 
corn for keeping no-till weed control costs down. 
With costs often ranging between $20 and $50 per 
acre, careful planning can pay good dividends. For 
soybeans, a burndown is often very appropriate. 
Roundup plus 2,4-D has generally done well and 
Gramoxon Extra can be appropriate. The burndown 
activity of Sencor is also being recognized in some 
recent label changes. An alternative to Roundup for 
burndown of some grass weeds is one of the 
postemergence grass killers as labeled. The 2,4-D for 
burndown offers a low cost option but not without 
some risk of soybean injury.
Most companies have now realized the degree of 
interest in no-till and have hopped on the band­
wagon. For annual grass control, trifluralin is still an
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option for lo-till but Prowl has moved into the no-till 
market for surface application. Dual has performed 
well and Freedom (alachlor plus trifluralin) provides 
a low cost alternative to Lasso, Microtech or Partner. 
The reduced cost of the postemergence grass killers 
has stimulated interest in these. Since most have 
relatively short residual, it is often best not to apply 
too early. Select can sometimes provide some re­
sidual control but it is not always consistent enough 
to emphasize.
For broadleaf control, Canopy has generally 
done quite well for both burndown and residual. 
However, it may need help on grass and nightshade. 
And precautions should be taken very seriously to 
avoid carryover injury to corn.
With Pursuit being weak on lambsquarters and 
not giving control of prickly lettuce or horseweed 
(marestail), it can usually benefit if used in conjunc­
tion with a Roundup plus 2,4-D burndown and 
possibly Prowl to improve residual grass control. A 
postemergence grass killer is also an option but care 
should be taken to avoid tank-mix antagonism. 
Scepter is in a somewhat similar category as Pursuit
where it fits in southern areas but is more commonly 
soil-applied while Pursuit is most commonly used 
postemergence.
For a total post program, Classic plus Pinnacle 
plus Assure is a consideration that may also benefit 
from an earlier burndown.
One of the first no-till programs was a modest 
rate of Poast Plus with 2,4-D for early burndown 
followed by Basagran and additional Poast Plus. 
However, if Galaxy is used, antagonism should be 
avoided by not tank-mixing with Poast Plus.
With very good activity on grass weeds and 
velvetleaf, Command can fit with a drill and drag 
program. However, a combination may be desirable 
to strengthen control of some weeds such as pig­
weed.
When Touchdown is marketed, Touchdown 
followed by Tornado suggests a T n T program. 
Meanwhile, Roundup can be considered.
These are a few examples of the many possibili­
ties and some considerations for no-till soybeans. 
Many options are available; and by carefully compar­
ing costs, some savings can be achieved.
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Compliance with Worker Protection Standards
T.A. Walker
The purpose of the Worker Protection Standards 
Rule is to reduce exposure of pesticides to workers 
on farms and to handlers of pesticides. This rule is 
expected to cover 3.9 million workers and handlers 
employed at farms, forests, nurseries, and green­
houses. The Worker Protection Rule was published 
in the Federal Register on August 21,1992.
All product labels will carry a statement prohib­
iting application of the product in a way that would 
contact workers or other persons directly or through 
drift. If a product is highly toxic (Toxicity Category I) 
for dermal toxicity or skin irritation potential, the 
label will have a requirement for "double warnings." 
Users will be required to notify workers of an 
application both by warning them orally and by 
posting warning signs at entrances to the treated 
areas. If a product is a fumigant with a label that 
allows its use in a greenhouse, users are required to 
provide both oral warnings and posted signs for 
workers when the product is used in a greenhouse.
A new term with which you should become 
familiar is restricted-entry intervals (REI). Restricted- 
entry intervals will range from 12 to 72 hours and are 
based on the acute toxicity of the active ingredient 
through two routes of exposure, dermal and ocular.
A restricted-entry interval of 48 hours applies to 
active ingredients in Toxicity Category I. A re­
stricted-entry interval of 24 hours applies to active 
ingredients in Toxicity Category II. A restricted-entry 
interval of 12 hours applies to all other active ingre­
dients, those in Toxicity Categories III and IV. Longer 
re-entry intervals will be retained on labels that 
currently have re-entry intervals that are longer than 
required. In addition to REIs, all labels will carry 
personal protective equipment requirements ex­
pressed in standardized terms. The definition of 
personal protective equipment (PPE) is "devices and 
apparel that are worn to protect the body from 
contact with pesticides or pesticide residues." Pants, 
shirts, socks, and shoes are not considered personal 
protective equipment, but pesticide labeling may 
require their use in some circumstances.
After April 24,1994, all products covered by the 
rule must bear the Worker Protection Statement on 
their labels when they are distributed or sold by the 
registrant. After October 23,1995, all products 
covered by the rule must bear the Worker Protection 
Standard labeling statements when they are distrib­
uted or sold by anyone.
Exemptions from the Worker Protection Stan­
dards are:
• public mosquito control;
• golf courses;
• structural pest control;
• uses in rights-of-ways, pasture, and range­
land; and
• commercial seed treatment.
Please note that this is a partial listing of the 
known exemptions. If you have any questions, call 
the Illinois Department of Agriculture or the Coop­
erative Extension Service.
The primary responsibility for worker protection 
lies with agricultural employers and employers of 
pesticide handlers. Labor contractors who provide 
the services of field workers bear joint responsibility.
The Worker Protection Standard specifically 
defines handlers and workers and the mandatory 
requirements of the education program. The protec­
tive clothing requirements are also defined in the 
Standard.
This article gives you a brief description of some 
of the aspects of the Worker Protection Standard 
Rule. There are still some unanswered questions that 
await interpretation by the United States Environ­
mental Protection Agency. We do know that if a 
worker or handler is certified and licensed by the 
Illinois Department of Agriculture as a pesticide 
applicator or operator, the employer will not be 
required to train them further under the Worker 
Protection Standard. If you have any additional 
questions, please contact the Illinois Department of 
Agriculture, Bureau of Environmental Programs, P. 
O. Box 19281, Springfield, Illinois 62794-9281 or 
telephone (217) 785-2427.
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Monitoring Cyanazine in Waverly Lake, 
Mt. Olive Lake, and Otter Lake Watersheds
in Central Illinois
Richard Fisher, C. John Peter, Anne Lucas, Robert Henze and Diana Temple
Summary
The presence of cyanazine was monitored in 
three different lakes which serve as drinking water 
sources in Morgan and Macoupin counties. Prelimi­
nary results support previous research which has 
shown that the highest concentrations of cyanazine 
are found in tributaries following the first runoff 
eveht after application of cyanazine. Cyanazine 
concentrations measured in water by immunoassay 
are in close agreement with HPLC results. Data 
collected will be used to develop plans on how to 
manage cyanazine on a watershed basis.
Study Objectives
The objective of this study was to monitor the 
movement of cyanazine in tributaries into and out of 
selected lakes over time. By increasing this under­
standing, farmers can manage cyanazine applications 
in such a manner that the level of detection is within 
drinking water guidelines.
Site Selection Criteria
The following criteria were used in selecting the 
lakes to be monitored: (1) water is currently used as a 
drinking water supply, (2) watershed is comprised 
primarily of agricultural cropland, (3) soil complexes 
within the watershed have low to moderate perme­
ability, (4) the lake has at least one well-defined 
tributary, (5) cyanazine is used within the watershed, 
(6) levels of cyanazine have been previously detected 
within the lake, (7) residents and people controlling 
the reservoir were cooperative and, (8) the lake had a 
desired retention time. Based on these criteria, 
Waverly Lake, Otter Lake and Mt. Olive Lake were 
selected.
Experimental Design
The survey consisted of the collection and 
analysis of water and sediment samples taken over 
time. Weather data such as temperature, rainfall, 
relative humidity, solar radiation, and wind speed 
and direction were collected. Water flow measure­
ments also were taken in the tributaries, the lake, and 
the overflow. Water samples were collected weekly 
at the intake for the water supply, from tributaries 
entering the lake, the spillway, and finished water at 
the water plant. Two auto samplers were located on 
one or two tributaries of each lake. One of the auto 
samplers was set to collect samples every 6 hours. 
The other auto sampler collected water samples 
every 3 hours after there was a rise in the tributary 
level of greater than 0.5 inch. Shallow lake sediment 
samples also were taken at the same time as the 
water samples from where the tributaries entered the 
lake and at the intake for the water supply. This 
extensive sampling was done for 9 weeks between 
the middle of May and July. This period was chosen 
because it represented when the greatest changes in 
cyanazine concentration were expected. Since the 
middle of July, water samples have been taken by 
water supply personnel. Information generated from 
these samples will show how cyanazine levels 
fluctuate over time.
Sample Analysis
All water samples are being analyzed for 
cyanazine by immunoassay. The immunoassay 
system used is the Cyanazine RAPID Assay by 
Ohmicron. About 20% of the samples are being 
analyzed by HPLC to confirm the immunoassay 
results.
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Results
The survey generated several thousand water 
samples that are still being analyzed. Current trends 
are: (1) cyanazine concentrations are higher in the 
tributaries than the lake, (2) the concentrations in the 
tributaries are highest during the first runoff event 
after applications of cyanazine, and (3) concentration
of cyanazine in the tributaries rise and fall rapidly. 
Thus far, immunoassay tests and HPLC detections 
are in good agreement. Information is being collected 
on cyanazine usage in the watersheds surrounding 
the lakes. In addition, this information will help to 
build a more complete picture of how cyanazine 
moves within a watershed.
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Intensive Monitoring for Atrazine in Selected 
Illinois Public Water Supplies
Dennis P. Tierney, Frank DeStene, Brian Christensen, and Montgomery Watson
Herbicides have played a major role in field crop 
production over the past 30 years. Substantial yield 
increases (up to 30%) in major row crops such as corn 
and soybeans are attributed to herbicide use. Illinois 
was ranked second in 1990 in corn acres planted 
among the ten major midwestern corn production 
states. Among the herbicides used in corn weed 
control programs, atrazine was used by Illinois 
growers on 50% of the acres treated. About two times 
more acreage is treated with atrazine than with the 
second and third ranked herbicides, metolachlor and 
alachlor.
There are approximately 1,900 community water 
supplies (CWS) in Illinois. About 129 CWS use 
surface water as the raw water source. In January 
1993, as part of the implementation of the federal 
Safe Drinking Water Act (SDWA), annual monitoring 
requirements for atrazine and several other chemi­
cals became effective throughout the United States.
In anticipation of the implementation of the new 
pesticide testing, the Illinois EPA, Division of Public 
Water Supply, conducted precompliance monitoring 
on a quarterly basis in 1991 and 1992 at CWS on 
surface water sources. Of the 129 CWS, 27 reported 
one or more quarterly atrazine concentrations in 
finished water at or above 3.0 ppb. Most of these 27
CWS were associated with small reservoirs in south 
central Illinois that drain predominantly row crop 
agricultural watersheds.
A literature review indicated limited historical 
herbicide monitoring data on reservoir systems. 
When data existed, it usually was on larger regulated 
flow reservoirs. Essentially no historical data were 
available on small drinking water reservoirs. In the 
absence of historical data, it is not possible to evalu­
ate annual concentration patterns in these systems.
This paper reports the preliminary results (six 
month period) of an intensive monitoring program at 
19 selected Illinois CWS. The purpose of this volun­
tary program is to obtain baseline data on small 
reservoirs and help identify special watershed 
situations. This program is supplemental to the 
SDWA mandatory CWS monitoring requirement of 
four quarterly samples for surface water facilities. It 
includes an expanded sample frequency to better 
characterize the annual variation in atrazine concen­
trations. The sample frequency varies from two per 
month (August through December) to weekly (June 
through July). Analysis for atrazine is by immunoas­
say (IA), with 10% sample confirmation by gas 
chromatograph (GC).
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Pesticides in Illinois’ Public Water Supplies: 
A Year of Compliance Monitoring
A. G. Taylor
The 1986 amendments to the Federal Safe 
Drinking Water Act directed the United States 
Environmental Protection Agency (USEPA) to set 
additional national standards for drinking water 
contaminants. In 1991, USEPA promulgated new 
Maximum Contaminant Levels (MCLs) for 18 
synthetic organic chemicals which included several 
pesticides used for weed and insect control in Illinois. 
Among these were alachlor, atrazine, carbofuran, 
and 2,4-D. The new regulations also established 
monitoring and compliance requirements that are 
applicable to all public water supplies.
Prior to the effective date of the Federal stan­
dards, July 30,1992, the Illinois Environmental 
Protection Agency (IEPA) tested 129 surface water 
supplies throughout Illinois for pesticide contami­
nants. The results of this testing indicated a signifi­
cant number of detections of atrazine, alachlor, and 
other commonly used herbicides. A total of 27 water 
supplies had concentrations of atrazine that equalled 
or exceeded the 3 qg/1 MCL in one or more samples. 
Three or more pesticides were detected in 53% of the 
contaminated samples.
Compliance Monitoring
Illinois' compliance monitoring program for the 
surface water supplies was initiated in July 1992. 
Those involved in the testing included 129 supplies 
that derive their water exclusively from surface 
sources and six supplies that use both groundwater 
and surface water. Each supply was required to 
collect quarterly samples through June of 1993.
The analytical results for this period were 
comparable to the pesticide analyses reported for the 
pre-compliance date testing. Atrazine was detected 
in 114 of the 135 water supplies sampled. Thirty-four 
of those supplies had one or more samples with 
concentrations of atrazine equal to or exceeding 3 
qg/1. Metolachlor, cyanazine, and simazine were also 
detected in a significant number of samples. The
detections of these and other pesticide compounds 
are summarized in Table 1.
Compliance with the drinking water standards is 
based upon the average concentration of the four 
quarterly samples. Ten community water supplies 
were in violation of the atrazine standard by July 1, 
1993. The four quarter average and maximum 
concentration of the atrazine detections for each of 
these supplies is given are Table 2. Since July 1,1993, 
the level of atrazine has dropped in one of the 
supplies, the city of Highland, such that the supply 
has returned to compliance.
Over the next three years the 1,259 groundwater 
supplies in the state will also be phased into the 
compliance monitoring program. Sampling was 
initiated at 150 of these supplies during the first six 
months of 1993. Detectable concentrations of pesti­
cides were found in 36 of the groundwater supplies 
tested. Atrazine, which was the most frequently 
detected chemical, was reported in the sample 
analyses from 22 of the supplies. A summary of the 
pesticide detections through June 1993 is provided in 
Table 3.
Samples from two of the groundwater supplies 
had concentrations of a regulated chemical that 
exceeded an MCL. The Teutopolis supply contained 
atrazine at a concentration of 4.2 qg/1; the 
Chandlerville supply reported one sample that 
contained alachlor at a concentration of 3.0 pg/1. The 
MCL for alachlor is 2.0 jxg/1.
Potential Contributing Factors
The presence of pesticides in Illinois' community 
water supplies is not a natural phenomenon. The 
pesticides reported in the analyses are synthetic 
organic chemicals for which there are no known 
natural sources. Under prescribed use conditions 
these chemicals are applied to cropland. Subse­
quently, through various pathways and transport
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mechanisms, they migrate into the state's groundwa­
ter and surface water resources.
A more detailed review of the circumstances 
related to the atrazine detections may provide 
additional insight regarding the contamination of the 
surface water supplies. Of the 34 supplies reporting 
atrazine detections above the 3 pg/1 MCL, four 
withdraw their water directly from rivers. The 
remainder obtain raw water from lakes, reservoirs, 
and other types of impoundments. Although this 
suggests that the impounded waters may be more 
susceptible to incidents of contamination, it must be 
noted that four out of five surface supplies in Illinois 
utilize impounded water as a source.
The United States Department of Agriculture's 
crop reporting districts, which are identical to the 
Illinois State Water Survey's climatological divisions, 
are convenient to use to compare the water supply
data to records of precipitation, crop production, and 
chemical use. Table 4 lists the districts, the number of 
operating surface supplies in each district, the 
number of high atrazine detections for these sup­
plies, the acres in corn production during the 1992 
season, and the per acre application rate for atrazine 
in 1992.
With the exception of the northeast district, 
where all but two of the supplies utilize Lake Michi­
gan water, there appears to be a relationship between 
the number of supplies per district and the incidents 
of contamination, suggesting that the high levels of 
atrazine detections are not merely a function of 
geographic location. The west-southwest district had 
the highest incident rate with 15 supplies accounting 
for 30 of the 62 detections of atrazine above 3 ug/1.
Because atrazine is typically applied to more 
than 75% of the corn acreage in Illinois every year,
Table 1. Detections of pesticides in Illinois community water supplies that utilize surface water as a 
potable source, July 1992 - June 1993 a
Pesticide
No. of 
supply 
detections
Supplies
>
MCLsb
Maximum
concentration
pg/L
Alachlor 13 0 1.40
Atrazine 114 34 19.00
Butachlor 1 d .55
Carbofuran 2 0 4.10
Cyanazine 44 d 12.00
2,4-D 23 0 1.70
Dalapon 13 d 14.20
DBCP 4 0 .03
Dicamba 2 d .58
Dinoseb 3 0 .52
Diquat 1 0 .40
Endothall 1 0 94.72
Endrin 1 d .10
EDB 4 0 .30
Heptachlor 1 0 .04
Metolachlor 31 d 2.70
Metribuzin 1 d .13
PCP 2 0 .73
Picloram 9 0 .63
Propachlor 4 d 1.18
Simazine 38 1 4.10
Trifluralin 8 d .20
a Six of the water supplies with reported detections are mixed supplies. 
b MCL = Maximum Contaminant Level—Federal Drinking Water Standard 
c pg/1 = parts per billion
d An MCL has not been promulgated for this compound.
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Table 2. Average and maximum concentrations of atrazine detected in finished water samples from 
ten surface water supplies in Illinois, July 1992 - June 1993
Supply
Four-quarter
average
Maximum
concentration
pg/la pg/1
Highlandb 4.50 8.50
Sorento 3.75 7.20
Farina 5.00 9.00
White Hall 6.50 8.60
Shipman 8.00 17.00
Palmyra-Modesto 6.25 9.60
ADGPTV Wtr. Comm. 5.00 12.00
Kinmundy 4.00 7.30
Coulterville 4.00 8.40
SAVE Site 6.50 19.00
a jrg/1 = parts per billion
b The four-quarter average concentration for Highland dropped below 3 fxg/1 during the third quarter of 1993 such that the 
supply is now in compliance with the atrazine standard.
the acres in corn production are a surrogate measure 
of the extent of atrazine use. A comparison of the 
1992 corn production figures with the incidents of 
high atrazine detections indicates a direct relation­
ship does not exist. This could be expected because a 
large percentage of the acres in corn production in at 
least four of the crop reporting districts are located in 
watersheds where there is little or no potential to 
affect a surface water supply intake.
The per acre application rate of atrazine may be a 
more relevant factor to consider; however, the data 
for the 1992-1993 compliance period do not show a 
correlation between atrazine use rates and the 
number of atrazine detections above the standard, or 
the number of surface water supplies adversely 
affected. It is also noteworthy that the average 
application rate of atrazine in each district of the state 
was considerably less than the reduced rate pre­
scribed on the amended atrazine product label that is 
currently in effect. This suggests that the effective­
ness of the atrazine label changes in protecting water 
supplies from contamination is dependent upon the 
success of the additional label requirements, i.e., 
setbacks and filter strips. Should these measures fail 
to be effective, a further reduction in atrazine use will 
be necessary in order for the water supplies to 
achieve compliance by utilizing a watershed manage­
ment scheme.
Precipitation affects the transport of applied 
chemicals from cropland into surface water re­
sources. The potential for this to occur is generally 
assumed to be greatest shortly after the pesticides are
applied in the spring and early summer. Table 5 
indicates the months during which the atrazine 
detections above 3 pg/1 occurred in each crop 
reporting district. Table 5 also notes the months 
when above normal rainfall occurred according to 
the records provided by the National Weather 
Service and the Illinois State Water Survey.
The sampling period with the greatest number of 
high atrazine detections was the fourth quarter of 
1992, i.e., October, November, and December. 
Twenty-five surface supplies had samples that 
exceeded the atrazine standard during that time. The 
period with the fewest number of such detections 
was the first quarter of 1993. The data for cyanazine, 
which are not presented here, show a similar pattern 
of detections exceeding 1 ptg/1, the chemical's most 
recent lifetime health advisory. These data suggest 
that factors other than the time of application can 
significantly influence the contaminant levels in the 
surface water supplies. Two possible factors may be 
the persistence of the chemicals in the water media 
and the retention times of the water bodies serving as 
raw water sources for the affected supplies.
Another point to consider is the relationship of 
the pesticide detections to precipitation. Intensive 
monitoring conducted by the IEPA in two central 
Illinois watersheds during the spring of 1989 demon­
strated that peak concentrations of pesticide contami­
nants in surface waters coincided with storm runoff 
events. Therefore, it seems reasonable to assume that 
the elevated detections in the water supplies would
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fluctuate with the amount of rainfall occurring 
during a given period.
The water supply testing conducted to date does 
not clearly show that such a relationship with 
precipitation exists. During the fourth quarter of 
1993/ there were 13 supplies that reported detections 
of atrazine above the MCL. According to the monthly 
rainfall data this could be considered a wet period, 
particularly during June when 11 of the detections 
occurred. In contrast, when pre-compliance date
samples were collected from each of the surface 
supplies during the same period in 1992, there were 
17 detections of atrazine above the MCL. The Na­
tional Weather Service records show that the second 
quarter of 1992 was drier than normal in all of 
Illinois. Furthermore, the data in Table 5 indicate that 
nearly half of the atrazine detections > 3 pg/1 oc­
curred during months with less than the normal 
amount of precipitation in the respective crop 
reporting districts. These data suggest that excessive
Table 3. Pesticide detections in Illinois community water supplies that utilize groundwater as a 
potable source, Sept. 1992 - June 19933
No. of Supplies Maximum
Pesticide supplies > MCLsb concentration
pg/lc
Alachlor 1 1 3.00
Atrazine 22 1 4.20
Cyanazine 1 d 0.63
2,4-D 7 0 0.41
Dalapon 7 0 4.41
DBCP 2 0 0.03
Endothall 2 0 94.72
Metolachlor 2 d 3.80
Pentachlorophenol 1 0 0.04
Picloram 1 0 0.14
a Five of the water supplies with reported detections are mixed supplies that initiated compliance monitoring in July 1992. 
b MCL = Maximum Contaminant Level—Federal Drinking Water Standard 
c ng/1 = parts per billion
d An MCL has not been promulgated for this compound.
Table 4. Surface water supply detections of atrazine compared to acreage in corn production and 
atrazine application rates in nine crop reporting districts in Illinois, July 1992 - June 1993
District
No. of 
surface 
supplies
Supplies
>
MCLa
Samples
>
MCL
1992 
corn 
acres 
(x 1,000)
Atrazine
application
rateb
(lb/acre)
Northwest 4 0 0 1,950 1.25
Northeast 17 0 0 1,250 1.07
West 12 2 3 1,090 1.16
Central 6 0 0 1,530 .98
East 5 1 1 1,540 1.19
W. Southwest 28 15 30 1,350 1.25
E. Southeast 23 9 14 1,420 1.33
Southwest 23 5 8 490 1.29
Southeast 17 2 6 580 1.65
a Maximum Contaminant Level for atrazine = 3 pg/1
b 1992 application rates reported by the Illinois Agricultural Statistics Service.
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amounts of rainfall may not be a prerequisite for the 
movement of atrazine into surface waters in Illinois 
and that the elevated detections could be more 
closely associated with individual precipitation and 
runoff events than with quarterly or monthly rainfall 
totals.
In retrospect, the factors reviewed here do not 
satisfactorily explain the causes of the frequent 
detections of atrazine and other pesticide chemicals 
in Illinois' surface water supplies. The data do, 
however, illustrate that broad generalizations 
regarding the levels of contamination and the effects 
of application rates, time of application, precipita­
tion, etc., cannot be made with much confidence. To 
define the significance of such relationships ad­
equately the problem must be studied on a more 
refined watershed-by-watershed basis, taking into 
account a multitude of other factors such as reservoir 
capacities, lake retention times, watershed areas, soil 
types, land use, effects of tile drainage systems, 
degree of management practice implementation, etc.
In contrast to the surface water supply contami­
nation, the pesticide detections in the groundwater 
supplies were not anticipated. Only six of the 37 
affected supplies had previously documented the 
presence of pesticide contaminants in well water 
samples collected and analyzed by the IEPA between 
1984 and 1992. Limited information is available 
concerning the potential sources of contamination of 
the 37 groundwater supplies. The IEPA has deter­
mined the approximate recharge area for the wells 
serving seven of the supplies. The majority of the 
land in the respective recharge areas for these 
supplies was occupied by residential and business 
developments. In some cases there was an 
agrichemical mixing/loading operation within the . 
recharge area boundary, indicating potential point 
source impacts. Seven other affected supplies have 
no known point sources in the vicinity of their 
wellhead, suggesting the contamination is the 
consequence of pesticide use. The attendant facts 
regarding the other groundwater supplies are yet to 
be determined.
Water Supply Response
While the agricultural and scientific communities 
ponder the causes and investigate measures to 
mitigate the pesticide contamination problem, the 
water supplies must comply with the Safe Drinking 
Water Regulations. The IEPA has held compliance 
conferences with seven of the 10 supplies that have 
been in violation of the atrazine standard. Confer­
ences with the other three supplies are pending.
Three of the supplies, Shipman, White Hall, and 
the St. Clair Associated Vocational Enterprises, Inc. 
(SAVE Site), have committed to compliance plans 
that involve seeking alternate sources of water. The 
city of White Hall is developing a new well water 
source, while Shipman and the SAVE Site plan to tap 
into neighboring water supplies.
Table 5. Monthly detections of atrazine > 3 ug/l in Illinois surface water supplies in six crop reporting 
districts, July 1992 - June 1993a
Crop reporting district
Month W E w s w ESE S W SE Totals
July 92 0* 0* 0* 0* 0 0* 0
Aug. 92 0 0 1 3 1 0 5
Sept. 92 1* 0* 9 1* 3* 1* 15
Oct. 92 0 0 4 2 0 1 7
Nov. 92 1 * 0* 6* 1* 1* 1* 10
Dec. 92 0* 0* 3* 2 2 1 8
Jan.93 0* 0* 1* 0* 0* 0* 1
Feb. 93 0* 0* 1* 0* 0* 1* 2
Mar. 93 0* 0* 0 1 0 0 1
Apr. 93 0* 1* 0* 0* 0* 0* 1
May 93 0 0 0 1 0 0 1
June 93 i * 0* 5* 3* 1* 1* 11
Totals 3 1 30 14 8 6 62
a The figures with asterisks indicate detections in months of above normal precipitation in the respective crop reporting 
district.
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Farina, Coulterville, and Palmyra-Modesto plan 
on using watershed management as a primary means 
of compliance. Each has been working with farmers 
and farm organizations in their respective water­
sheds to implement measures which they believe will 
minimize the chemical run-off affecting their sup­
plies.
Although the level of atrazine in the Highland 
supply dropped during the third quarter of 1993, 
bringing the supply back into compliance, the city of 
Highland plans to treat raw water with powdered 
activated carbon in order to maintain their compli­
ance status. An immunoassay testing procedure may 
be employed to determine when contaminant levels
necessitate the activated carbon feed. The powdered 
carbon treatment process is not the system identified 
as Best Available Technology in the Federal Safe 
Drinking Water Regulations; however, if the process 
proves to be effective, it could potentially provide a 
more economical alternative for some supplies.
Although the strategies developed by these 
supplies vary to some degree, each supply must 
demonstrate compliance after its plans are fully 
implemented. This can be accomplished by maintain­
ing the level of contaminants in the finished drinking 
water "reliably and consistently" below the appli­
cable standard.
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Complying with the New Atrazine Label: 
An Applicator’s Experience
Rich Vanderpool
As a pesticide applicator, my first experience 
with the new atrazine label was dealing with feelings 
of fear, frustration, and uncertainty. We applicators 
experienced the fear of how we would abide by the 
law while servicing our patrons' needs. With an 
under ground aquifer and a well in the center of 
almost every field in our territory, believe me, this 
was a real concern. We experienced the frustration of 
how to deal with a weed control program in these 
"set back" areas without making several additional 
trips to the field. We experienced the uncertainty of 
how our patrons would react to whatever solution 
we proposed. We knew one thing for sure: we must 
do what is right both environmentally and according 
to the law. The course of action that we decided to 
take was to conduct a series of patron meetings 
designed to:
• inform our patrons of the law, and
• inform our patrons how we, as their dealers, 
intended to comply with the law while 
continuing to provide them with environ­
mentally correct herbicide applications that 
resulted in weed free fields.
To accomplish our first objective, we invited 
Gerry Kirbach from the Illinois Department of 
Agriculture to explain the law. Gerry discussed how 
the new label originated, who initiated the label 
changes, and what new language appeared on the 
label, including rates, setback zones, etc.
After Gerry's presentation, I reiterated the fact 
that unless dealers and farmers strive to "keep our 
house in order" by policing our own actions, some­
one else will control our actions for us. We dealers 
believed that the new label change was environmen­
tally correct, not only for atrazine but also for many 
other herbicides.
We asked ourselves: "How long would it be 
before other herbicides might enter groundwater 
through these run-off points or setback zones?" This
question led to our second objective for the meet­
ing—our solution.
Our solution and recommendation were to 
encourage our patrons to seed these "setback" zones 
and simply take them out of production. Our local 
ASCS office indicated that in most cases the patrons 
could enroll these areas in the government set aside 
program. For the most part, an irrigation system well 
with two run-off points was no more than about one 
acre per field.
We believed that by promoting this solution we 
would:
• comply with the new label,
• do what was environmentally correct, and
• position ourselves, our patrons, and agricul­
ture in our area for a solid future in harmony 
with the environment.
Green Circles Program
In conjunction with Monsanto representatives we 
promoted the "Green Circles" Program. Our goal 
was ultimately to have a majority of our growers 
participate in the program, thereby resulting in the 
setback zones being seeded down.
In this program, we offered our patrons the 
following:
• mapping of fields indicating locations of 
setback zones such as wells, run-off points, 
or lake/reservoir borders,
• providing file maps at our facility office as 
reference points for custom application, and
• coordinating the field by flagging, mapping, 
or marking in a manner consistent for 
applying herbicides and seeding of setback 
areas.
In this program we used a standard seeding 
program and plant food analysis through our airflow 
machines to seed the targeted areas before spring.
We did this for a fee at each seeding point. If the
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patron wished to seed the areas himself, then we 
simply provided the seed.
For those patrons who elected to plant the 
setback areas in crop, we offered a program designed 
to provide weed free setback areas. This also was 
provided on a fee basis. With our unique environ­
ment in Mason County, we had several fields that 
resulted in four crops and four ’A systems that 
required separate, individual herbicide applications. 
From a dealer's perspective, we preferred the seed 
option.
In summary, I believe we took a position that 
was not only in compliance with the law, but also
environmentally sound for the long-term future of 
agriculture.
Some people, both dealers and farmers, tried to 
find loopholes in the law. Believe me, we had our 
share of patrons and competitors that were trying to 
find those loopholes. But overall, we had excellent 
participation in the seeding program by our patrons, 
and we expect the program to grow next year.
We believe we can go to bed at night knowing 
that we have done what is legally correct, morally 
right, and environmentally sound for the future of 
our patrons and agriculture.
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Buffer Strips and Alternatives for Atrazine
Ronald A. Hines
Since the development of the "triazine" family of 
herbicides in the 1950s, atrazine has been a primary 
herbicide used in corn production. Each year many 
states in the Midwest have at least 80 to 90% of their 
total corn production acres treated with products 
containing atrazine.
Recent label revisions requiring "setback zones" 
(commonly referred to as "buffer" or "filter" strips) 
when using products containing atrazine have 
fostered several questions by producers and custom 
applicators.
Are There Any Effective Herbicide 
Alternatives for Atrazine?
This product's broad spectrum of weed control 
effectiveness and low cost per acre of use, have made 
it difficult to beat for many years. However, the 
recent designation of atrazine as a "restricted use" 
product; the May 10,1993 implementation of the 
"restricted use" pesticide application recordkeeping 
requirement of the Food, Agriculture, Conservation 
and Trade Act of 1990; the development of triazine 
resistant weeds; and the increased discovery of 
groundwater and surface water contamination 
resulting in label use restrictions suggest the need for 
the identification of potential "alternatives to atra­
zine".
No-Till Early Preplant (EPP) Alternatives. 
Triazines are a primary ingredient in this weed 
control approach due to their burn-down ability and 
residual control. Using other triazine combinations 
that eliminate the use of atrazine may be one choice. 
A combination of Bladex and Princep does a good job 
under most conditions, and has no buffer strip 
requirement due to the absence of atrazine. Where 
triazine resistant weeds are starting to develop, other 
alternatives should be used. Early applications of a 
reduced rate of Roundup (with or without a residual 
grass control product) followed by preemergence or 
postemergence product applications may show the
most promise for no-till corn. Harmony Extra shows 
"knock-down" potential for winter annuals if applied 
sufficiently early before planting corn.
No-Till and Conventional Tillage Preemergence 
(PRE) Alternatives. Besides the need for a "burn- 
down" herbicide in no-till, effective full season 
preemergence control of broadleaf weeds by cur­
rently labeled products is slim without using atrazine 
or another triazine. Residual control of 
morningglory, cocklebur and giant ragweed is 
usually not adequate to avoid the need for a rescue 
postemergence treatment. For full season preemer­
gence, broadleaf, weed control, using other triazine 
combinations such as Bladex and Princep where 
atrazine use is restricted, may still be the best ap­
proach.
With the development of the "no-till cultivator" 
we also have the option of band applications of 
herbicides over-the-row at planting—followed by 
cultivation in no-till or conventional tillage systems. 
This approach has shown some promise where 
conservation plans on HEL (Highly Erodible Land) 
fields will not be compromised. Proper adjustment of 
the cultivator to leave adequate residue on the soil 
surface, and available labor for cultivation are two of 
its most limiting factors.
Postemergence (POST) Alternatives. The most 
promise for effective weed control without using 
atrazine is probably in postemergence weed control. 
In no-till, preemergence burn-down of existing 
weeds followed by a total postemergence weed 
control program can provide excellent control. Using 
such products as Beacon, Accent, Basagran, Clarity, 
Buctril, 2,4-D and Banvel, according to their labels for 
the emerging weed spectrum, has given excellent 
control in most cases. One other option is to plant IR 
(imadazolinone resistant) or IT (imadazolinone 
tolerant) corn and use a postemergence application 
of Pursuit. Although all of these treatments have 
potential gaps, proper weed seedling identification in
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planning the postemergence treatment or combina­
tion has provided excellent control.
New Product Alternatives. What new products 
look good as possible alternatives to atrazine? MON 
12000, (the active ingredient in Battalion and Permit) 
is a sulfonylurea experimental herbicide from 
Monsanto. It looks promising for control of triazine 
resistant pigweed and most other common broadleaf 
weeds except morningglory. Broadstrike plus Dual 
from Dow/Elanco is a prepackaged combination of 
their sulfonamide experimental herbicide, DE-498, 
and Dual. It, too, seems weak on full season control 
of morningglory. Exceed (CGA 152005) is a very new 
experimental sulfonylurea herbicide from Ciba. Most 
research is finding it to be a promising product on 
most broadleaf weeds except nightshade.
Summary. A higher management ability by the 
pesticide applicator is required if success is to be 
achieved for weed control in corn with current 
labeled products other than atrazine. The use of 
postemergence herbicide treatments probably shows 
the most promise. If postemergence broadleaf 
herbicide treatments are applied after preemergence 
grass control products, the total treatment cost needs 
to be considered. Regardless of the weed control 
achieved with alternative herbicides, the cost per acre 
will probably increase.
How Can the Producer Still Receive Income 
From the Land if Buffer Strips Are 
Developed?
Use Alternative Herbicides on Buffer Strips and 
Plant the Crop. The producer can use products that 
contain atrazine on all areas of the field except the 
required buffer strips. Another herbicide without the 
buffer strip restriction could be applied to that area. 
No crop rotations or conservation plans would be 
affected by this approach. However, it may pose 
concern for custom applicators or producers using 
large equipment and spraying such small areas with 
different products. It also takes good management to 
mark the areas to be sprayed with alternative prod­
ucts.
Use the Buffer Strips as Set-Aside (Acreage 
Conservation Reserve). New guidelines allow 
producers to use stream buffer strips as set-aside. 
These areas must average at least 33 feet wide (there 
is no maximum width limitation) and be seeded to a 
permanent vegetative cover in order to qualify. There 
is no requirement to rotate set-aside, so these buffer 
strips could remain as permanent set-aside as long as 
the farm is in the Feed Grain Program. The payment 
that the producer would receive for the set-aside 
would be the income for the land. Producers should 
check with the local ASCS and SCS offices for
possible cost-share monies for establishment of the 
buffer strips.
Bid Buffer Strips Into CRP (Conservation 
Reserve Program). CP13C (Vegetative Filter Strips 
[Grass] Noneasement) is a national CRP practice that 
a producer could use to develop permanent buffer 
strips if another CRP sign up is called. The annual 
CRP payment would be the income for the land. 
However, at this writing there are no scheduled sign 
ups in 1994. This practice would also require the 
program to stay in place for 15 years. Payments 
would only be received for 10 years. Check with the 
local ASCS office about this option.
Produce Alternative Crops on Buffer Strips. 
Producers who are not in the Feed Grain Program 
and do not want to use herbicides other than atrazine 
on their corn ground may choose to plant an alterna­
tive crop on the required buffer strips. Livestock 
producers could utilize buffer strips for hay or forage 
production. Others may be able to utilize the buffer 
strips for grass or legume seed production. Check 
with the local Extension Office for other possible 
crops. One caution with this option—if HEL (Highly 
Erodible Land) is involved, make sure that the 
practice conforms to the required Conservation Plan.
Summary. The best approach for the highest 
income production from the land depends on the 
producer's needs. Working with the local Extension, 
ASCS and SCS personnel should help determine the 
best approach.
What Vegetative Covers Make Low-Cost, 
Effective Buffer Strips?
Check With Local Offices First! Producers 
should check with the local Extension, ASCS and SCS 
offices if there are questions about the recommended 
species to seed, program requirements, or conserva­
tion plan restrictions. An "effective" buffer strip is 
one that continues to make money for the producer, 
not one that costs him money.
Possible Covers for HEL (Highly Erodible Land). 
The sod forming perennial grasses probably make 
the best buffer strip erosion control covers on HEL 
land. Some of these grasses include: red top, smooth 
bromegrass, reed canary grass, and switchgrass. 
Another grass that forms a dense sod, although it is 
classed as a bunch-type grass, is tall fescue. It can 
also provide a very effective buffer strip cover on 
HEL land.
The lowest cost buffer strip establishment can 
probably be achieved by seeding redtop, tall fescue, 
or switchgrass. Although switchgrass is a warm 
season grass, the seed cost has been less than $20 per 
acre. Research currently being conducted in Iowa 
also shows that switchgrass provides an excellent
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wildlife habitat as a results of its tall, dense vegeta­
tive cover. The seed cost of a redtop or tall fescue 
seeding should be less than $10 per acre. Smooth 
bromegrass seed may be about $20 per acre. Reed 
canarygrass seed is about $40 to $50 per acre.
The research currently being conducted at the 
University of Illinois Dixon Springs Agricultural 
Center indicates that a buffer strip seeding of redtop 
may be the lowest cost, easiest to establish, and 
lowest cost to maintain of these covers. It does not, 
however, provide the wildlife protection potential of 
switchgrass. Reed canarygrass is the highest cost, 
and most difficult to establish.
Possible Covers for Non-HEL Land. Perennial 
legume crops such as alfalfa make excellent buffer 
strip cover in addition to the sod forming perennial 
grasses mentioned previously. Since erosion is 
usually not as much of a concern on this land, the 
bunch type grasses like orchardgrass could also be 
utilized.
If nitrogen filtration is of major concern, research 
conducted by the University of Illinois indicates that 
alfalfa is an excellent "catch crop" for excess nitro­
gen. Up to 600 pounds of nitrogen per acre has been 
utilized by good alfalfa stands without any nitrogen 
leaching into groundwater. Of the perennial grasses, 
the order of highest to lowest nitrogen utilization 
would probably be: reed canarygrass, tall fescue, 
redtop, smooth bromegrass, orchardgrass, and 
switchgrass.
Summary. Producers should check with their 
local Extension, ASCS and SCS offices for recom­
mended seedings on buffer strips. In general, redtop 
and tall fescue will be the least expensive to establish. 
Switchgrass may provide the best wildlife cover. 
Alfalfa may be the best utilizer of excess nitrogen.
Conclusions
Farmers could sustain a significant economic 
hardship if atrazine were no longer available. With­
out atrazine the need for drop-nozzles to apply 
"rescue" treatments would increase. We simply do 
not currently have another preemergence, residual, 
long-term, broadleaf control product quite like 
atrazine. The best way to keep atrazine available is to 
follow the new label guidelines, and use alternative 
herbicides where they can be effective.
Buffer strips need to be utilized for many other 
reasons besides the atrazine label requirement. 
Erosion control, filters for improved water quality, 
and improved wildlife cover are only a few.
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Addressing Concerns about Herbicides
and Water Quality
David R. Pike
Throughout the Midwest, rivers and lakes are 
used as a source of drinking water and for recreation. 
Recent water sampling surveys indicate that peak 
concentrations of pesticides sometimes exceed 
maximum levels established by the EPA for safe 
drinking water. These peaks tend to occur during the 
high rainfall months of May, June, and July which 
also coincide with the application of most agricul­
tural pesticides. Not surprisingly, the most com­
monly used pesticides (atrazine, alachlor, 
metolachlor, and cyanazine) have also been detected 
in water supplies most frequently.
Although it might appear a simple thing to ban a 
pesticide which has been found to contaminate a 
water resource, the implications of such a restriction 
are complex. Reducing the availability of one pesti­
cide may increase the market price of alternatives, 
thus increasing operational costs and risks for the 
farmer. This may translate into higher prices charged 
to consumers. Eliminating a pesticide may also speed 
the development of pests which are resistant to 
alternative pesticides. Rotating to different pesticides 
reduces the probability of a pest developing resis­
tance to a single compound.
It is possible that an alternative pesticide could 
cause greater deterioration of a water resource than 
the prohibited pesticide. Some substitute pesticides 
are used at high rates but are currently applied to 
very limited acreages. Banning a critical pesticide 
could result in an overall increase in total pesticide 
use and an increased hazard to the environment.
Additionally, the risk to human health and the 
environment may be greater from alternative pest 
control methods or no pest control. For example, 
alternative pesticides may be more toxic to plants, 
animals, aquatic life, and humans than a prohibited 
pesticide. It is also possible, as is the case with many 
plant diseases, that the toxins produced by the 
organism are much more toxic or carcinogenic than 
the pesticides which are used for their control.
Surface water resources are contaminated when 
pesticides are flushed from the soil surface with run­
off water. Run-off occurs when a soils ability to 
absorb rain is exceeded. Factors that affect the 
amount of run-off include soil clay content, degree of 
soil slope, current soil moisture content, surface 
roughness, the presence of crops or plant residues, 
and the amount and intensity of rainfall. Pesticides 
applied directly to the soil surface when soils are 
already saturated are at the greatest risk of being 
moved from the site of application.
What Farmers and Researchers Are Doing
Preventing adverse effects on water quality 
includes a wide scope of possible management 
options. Current research focuses on both chemical 
and nonchemical pest control methods. Wherever 
possible cultural controls such as crop and tillage 
rotation and the use of biological controls are empha­
sized. However, when the need for a pesticide is 
apparent, options for reducing the threat of environ­
mental contamination by pesticides are available. The 
following have been identified as important steps in 
reducing the contamination of water resources.
I. Identification of vulnerable resources.
Identification of priority areas permits efforts to 
be focused on the major contaminants, the mecha­
nisms by which contamination occurs, and imple­
mentation of remedial action suited to conditions. 
Qualifying factors include the amount of pesticides 
used in the watershed or recharge area, method and 
time of pesticide application, and dilution factors of 
inflow and outflow. Special attention should be given 
to areas with sinkholes, sandy soils, claypan soils, 
and areas that flush directly into lakes and reservoirs. 
Where excessive contamination is evident, landown­
ers and farmers within the affected area can be 
invited to participate in voluntary efforts to contain 
contamination.
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II. Infiltration management.
Where a vulnerable site has been identified, 
infiltration should be managed to retain the pesticide 
"on site". Increasing retention time or subjecting run­
off to filtration through soil will reduce the potential 
for movement of the pesticide in surface water. No­
till and conservation till are preferred practices to 
reduce run-off on most soils. Increasing surface 
roughness, the use of buffer strips, contour farming, 
strip cropping, the use of grass waterways and 
proper irrigation management are all accepted 
management techniques to reduce water and particle 
movement in surface water flow. To reduce leaching 
of pesticides into groundwater, compounds with 
high soil adsorption and rapid degradation should 
be selected when possible. Pesticide applications 
timed immediately before a rain are most susceptible 
to leaching and run-off. Approximately 36 to 72 
hours after application are needed to allow most 
pesticides to become "rain-fast" and reduce potential 
for movement.
III. Reducing pesticide use rates.
Applying pesticides only to the affected area, 
reducing application rates, and applying the pesti­
cide with more precise timing can reduce potential 
contamination. Pesticide rates should be high enough 
to effectively control the pest without presenting an 
undue hazard to the environment. Where use rates 
are reduced the risk to the environment is reduced. 
Due to their chemical properties, many newer 
pesticides can be used at very low rates, thus reduc­
ing environmental risk.
IV. Incorporation of the pesticide into the soil.
Where compatible tillage allows, mechanical 
incorporation of the herbicide will reduce the poten­
tial for pesticide run-off.
V. Scouting and the use of IPM.
Pest scouting can reduce the need for pesticides 
by encouraging farmers to treat only those weeds 
that are present in the field. Check strips should be 
left in the field to help the farmer determine the 
range of weed species in the field and the level of 
effectiveness of the herbicide. Scouting can poten­
tially reduce the rate of herbicide used by encourag­
ing timely application.
VI. Use of tank mixes and pre-mixes.
The use of pre formulated mixes or tank mixes 
discourages the reliance on the use of high rates of a 
single herbicide for complete weed control. Tank 
mixes and premixes are also helpful in reducing the 
development of herbicide resistance in weeds.
VII. Reduce spillage and disposal contamination.
Spills and improper rinsate or container disposal 
result in high concentrations of pesticides in small 
localized areas. Because formulated pesticides are 
more toxic at high concentrations they overwhelm 
normal methods of pesticide adsorption and degra­
dation, more easily allowing movement to the water 
table. Spillage and improper disposal pose a signifi­
cant hazard to surface and groundwater wherever 
the event occurs; therefore, corrective action should 
be taken immediately.
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Insecticide Evaluation in Illinois: 
Where We’ve Been, Where We’re Going
John Shaw
The Past
More than fifty years ago, due largely to the 
efforts of Illinois extension entomologists, research 
oriented plots were established to better inform 
Illinois growers about the wise and judicious use of 
pesticides. These plots were normally conducted in 
grower's fields using grower's equipment, and the 
plots included one or two registered compounds 
with an untreated strip. This type of product com­
parison continued until the late 1970s. With the 
introduction of the single row Noble applicator 
mounted on bicycle wheels, researchers were able to 
make multiple comparisons and evaluate the poten­
tial of experimental insecticides for control of corn 
rootworm larvae and monitor the continued perfor­
mance of registered compounds.
In 1985 the Illinois Natural History Survey 
(INHS), along with University of Illinois extension 
entomology specialists and research scientists, 
expanded the original insecticide evaluation pro­
gram. This new program not only continued the 
necessary efficacy testing but also provided the INHS 
and the University of Illinois extension specialists 
with a more reliable and realistic method for obtain­
ing unbiased information about product perfor­
mance. From 1985 through 1988 the emphasis of the 
program was placed on the evaluation of efficacy 
and application techniques of products for control of 
the major insect pests of field and forage crops in 
Illinois. Research was also conducted on improving 
efficacy through better placement and more timely 
applications, thus reducing hazards to the environ­
ment and non-target organisms.
The Present
From 1988 to the present, the Illinois Insect 
Management and Insecticide Evaluation Program has 
increased in both size and scope. Currently the 
program reflects up-to-date knowledge in the 
following areas:
• Synthetic chemical insecticides, both regis­
tered and experimental
• Biological insecticides, both registered and 
experimental
• Tolerant crops
• Product impact/assessment on beneficial 
insect populations
• Product safety
Although this service oriented program ulti­
mately benefits Illinois growers, it also provides 
much needed information to industry, educators, 
consumers, and the scientific community and takes 
into account the renewed public awareness of 
environmental concerns.
A list of some of the efficacy trials on specific 
insects in specific crops presented in Table 1 shows 
the expanded scope of crops and insects in the 
present program. To accomplish this expansion, field 
trials are established with the cooperation of farmers, 
aerial applicators, agribusiness industry, extension 
staff, and the University of Illinois Agronomy 
research centers.
Conventional equipment for planting, cultivat­
ing, harvesting, and pesticide application is used 
whenever possible. However, specialized modifica­
tions to the application equipment have greatly 
increased the flexibility of our research efforts. In 
1983 the insecticides were metered through Noble 
units mounted on each of the planter units on a four 
row planter. There were 34 compounds tested at two 
locations that year. In 1993, 68 different treatments 
were evaluated for control of corn rootworm larvae 
alone, with some treatments repeated as many as 
four times in four different locations throughout the 
state. These treatments consisted of granules and 
liquids applied in furrow and banded at planting and 
liquids applied as band and side-dress at cultivation 
time.
The data generated from this research help 
producers and industry select and use appropriate
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insecticides with a minimum level of adverse effects 
to human safety and the environment. Continued 
surveillance of currently registered compounds alerts 
researchers to potential problems with control or 
nontarget effects. The results are reported annually in 
the Illinois Insect Management and Insecticide Evaluation 
technical report published by INHS.
The Future
The Illinois Insect Management and Insecticide 
Evaluation program of the future will address 
research in such areas as low input sustainable 
agriculture and biological control for field, forage, 
and vegetable crops by continuing to compare the 
efficacy of:
• Registered chemical insecticides
• Experimental chemical insecticides
• Biological insecticides
• Resistant or tolerant crop varieties
• Genetically-engineered microorganisms
• New techniques and concepts of pest control, 
including biological control
All of this is intended to keep growers and the 
agribusiness industry abreast of the most current 
insect control practices in Illinois.
Table 1. Some of the insects of crops on which 
insecticide efficacy trials have been 
conducted in Illinois.
Crop Insect
Alfalfa alfalfa weevil 
potato leafhopper
Beans, snap European corn borer 
other caterpillars
Cabbage cabbage looper 
diamondback moth larvae 
imported cabbage worm
Corn, field black cutworms 
wireworms 
white grubs
corn rootworms (adults & larvae) 
aphids
European corn borer
Corn, sweet corn earworms 
European corn borer
Soybeans bean leaf beetles 
spider mites
108
Proposed Federal Pesticide Container and 
Containment Regulations
Janice King Jensen
The 1988 amendments to the Federal Insecticide, 
Fungicide, and Rodenticide Act (FIFRA) require EPA 
to conduct a study of pesticide containers, to report 
the study results to Congress, and to promulgate 
container design and residue removal regulations. 
The document Pesticide Containers: A Report to 
Congress was released in May 1992 and classified 
pesticide containers into two major categories: 
nonrefillable and refillable. EPA is developing 
regulations on pesticide containers and containment. 
The standards for nonrefillable containers that are 
under consideration are intended to minimize 
worker exposure to pesticides during the handling of 
containers, to ensure that containers can be emptied 
and rinsed effectively, and to facilitate the safe 
disposal of the containers. The draft refillable con­
tainer requirements are intended to facilitate the use 
of strong and durable containers and to minimize the 
potential for cross-contamination. The containment 
requirements under development are intended to 
prevent pesticide contamination of soil and water at 
certain bulk pesticide storage facilities and at retail 
locations where agricultural pesticides are repack­
aged into refillable containers.
FIFRA Provisions
When Congress reauthorized FIFRA in 1988, 
section 19 of the Act was amended to provide EPA 
with expanded authority to regulate the storage, 
disposal, transportation, and recall of pesticides. The 
specific provisions require EPA to address pesticide 
containers in three ways:
• To conduct a study of pesticide containers 
and report the results to Congress;
• To promulgate container design regulations; 
and
• To promulgate residue removal regulations.
Report to Congress
To fulfill the Congressional mandate of conduct­
ing a study, EPA gathered the available information 
on pesticide containers through a variety of methods, 
including four open meetings, many follow-up 
meetings, telephone conversations, and field trips 
EPA met with formulators, distributors, dealers, 
applicators, and growers to develop a sense of the 
"real world" container handling practices and 
problems.
EPA has chosen to divide pesticide containers 
into two major types: nonrefillable and refillable. 
Nonrefillable containers are commonly referred to as 
one-way or "throwaway" packages and tend to be 
relatively small. Examples of nonrefillable containers 
include most drums, plastic jugs, metal cans, paper 
and plastic bags, bag-in-a-box designs, and aerosol 
cans. Refillable containers are those containers 
specifically designed to be refilled and reused. 
Examples of refillables include bulk storage tanks, 
minibulk containers, small volume returnable 
containers, and rigid plastic refillable containers used 
for distributing some granular products.
The document Pesticide Containers: A Report to 
Congress summarizes and consolidates the informa­
tion that EPA gathered during the study of contain­
ers (U.S. EPA 1992). The report to Congress presents 
general information on the pesticide industry, 
formulations, containers, requirements affecting 
pesticide containers, and bulk storage facilities. 
Current practices and problems involving the use, 
residue removal, and disposal of both nonrefillable 
and refillable containers are investigated. The report 
concludes with a discussion of the options specified 
by the statute and a summary of the important 
findings, recommendations, and areas for further 
study.
The report to Congress, copies of which are 
available from the Government Printing Office, has
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served as a background document during the 
development of the container and containment 
regulations. However, EPA has gathered additional 
information since the report's publication. This new 
information has also been used as support for the 
draft regulations.
EPA’s Pesticide Container 
Management Strategy
EPA is developing a pesticide container manage­
ment strategy. One obvious part of this strategy is the 
development and promulgation of container design 
and residue removal regulations. EPA established 
two long-term goals regarding pesticide containers 
that emerged as conclusions in the report to Con­
gress. In addition, EPA has developed a hierarchy of 
preferred pesticide container types.
The first long-term goal would be for the pesti­
cide industry to consider the pesticide formulation 
and its container as a single entity. Many phenom­
ena, such as dripping, "glugging," container-pesti­
cide compatibility, and the retention of residue in a 
container after it is cleaned, depend on both the 
container and the formulation, as well as other 
variables.
The second long-term goal would be for EPA to 
provide leadership in the area of pesticide containers. 
The container study relied upon a strong working 
relationship between EPA, other federal agencies, 
state agencies, industry groups, environmental 
organizations, and many other individuals. EPA 
would like to continue to foster this open and 
cooperative dialogue in the future.
EPA has also identified a hierarchy of environ­
mentally sound container classes. The hierarchy is 
based on information collected on container use, 
residue removal and disposal, as well as on the 
concepts of pollution prevention and solid waste 
reduction. EPA would like to encourage the develop­
ment and use of the most desirable container classes, 
which are listed below from most to least preferable:
• Refillable containers and water soluble 
packaging;
• Nonrefillable, recyclable containers that are 
currently being recycled;
• Nonrefillable, recyclable containers that are 
not currently being recycled; and
• Nonrefillable, non-recyclable containers.
EPA has determined that refillable containers 
and water soluble packaging are the most desirable 
container class because they reduce or eliminate the 
need for residue removal and they reduce the 
number of containers requiring disposal. Similarly, 
the next category—nonrefillable, recyclable contain­
ers that are currently being recycled—is desirable 
because it reduces the number of containers requir­
ing disposal as waste. For the purposes of this paper, 
a container is considered to be recyclable if the 
technology exists to recycle the materials from which 
a container is constructed. Where it is feasible, EPA 
would like to see the containers in the last two 
categories move up the hierarchy. For example, some 
companies are replacing paper bags with refillable, 
rigid plastic containers to distribute and sell granular 
products.
The Proposed Regulations
EPA's Office of Pesticide Programs has drafted a 
Notice of Proposed Rulemaking (NPRM) for the 
container design and residue removal regulations 
mandated by FIFRA section 19. The NPRM also 
includes proposed revisions to the 40 CFR Part 156 
labeling standards. The proposed regulations have 
recently been released by the Office of Management 
and Budget and are tentatively planned for proposal 
in the Federal Register in January 1994 for public 
comment. Based on information and comments 
received during the comment period, the rule may be 
revised again before it is finalized. In other words, 
the draft regulations may undergo significant 
revisions before they become binding requirements. 
Therefore, potential standards can be described only 
in general terms.
In general, EPA is leaning toward requirements 
that are performance standards, although some 
design standards are also being considered. Some of 
the requirements EPA is considering for nonrefillable 
containers, refillable containers and containment 
structures are discussed below.
Nonrefillable Containers
One requirement that EPA is considering for 
nonrefillable containers is a general integrity stan­
dard. Such a standard could, for example, require 
registrants to sell pesticides only in containers that 
prevent leakage under normal conditions of storage, 
distribution, sale, and use. Also, the containers may 
be required to be compatible with the pesticide 
formulation sold or distributed in the container. EPA 
does not anticipate that standards such as these 
would be burdensome, because as a matter of good 
business practice, it is in a company's best interest to 
market pesticides in containers that do not leak. A 
potential compatibility standard would be consistent 
with the long-term goal of considering the pesticide 
formulation and its container as a single entity, since 
compatibility depends on both of these factors.
A specific goal of the nonrefillable container 
standards is to reduce worker exposure. The pro-
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posed regulations could address this goal by improv­
ing the dispensing capabilities of formulation/ 
container combinations that are prone to spilling, 
splashing, glugging, and dripping. Some problematic 
containers, for example, have solid handles that may 
promote glugging during pouring or openings 
whose design and position can contribute to leakage 
or drippage of the pesticide down the exterior of the 
container during and after dispensing.
To address these dripping and spilling problems, 
EPA will propose several performance standards for 
container dispensing capability. For example, EPA 
could require container designs that allow pesticide 
to be poured without glugging; i.e., in a continuous, 
coherent stream. As another illustration, EPA could 
require that containers minimize or eliminate drip­
ping on the outside of a container after the pesticide 
is poured from the container. Standards for dripping 
and glugging would again address the container and 
the formulation as an integral unit. It is possible that 
a given container design could eliminate dripping 
and glugging for one pesticide, but not for another 
that is more viscous.
Another way to reduce worker exposure while 
mixing and loading pesticides is to increase the use 
of closed systems. The wide variety of container 
closure/opening sizes has been an obstacle for the 
use of closed systems (Brazelton and Akesson 1987; 
Jacobs 1987; U.S. EPA 1992). To facilitate and encour­
age the use of closed systems, EPA is considering 
standardizing closures by requiring liquid agricul­
tural pesticide containers to have at least one of four 
specified closures. These closures are a subset of 
those specified in the NACA Voluntary Industry 
Standard for Closures for Plastic and Steel Agricul­
tural Chemical Containers (U.S. EPA 1984) and 
include: (1) 50-mm bung with external threading 
[11.5 threads per 25.4 mm (1 inch), NPT standard!; (2) 
50-mm bung with external threading [5 threads per 
25.4 mm]; (3) 63-mm screw cap [6 threads per 25.4 
mm]; or (4) 38-mm screw cap [6 threads per 25.4 
mm]. A closure requirement is one of the few design 
standards being considered by EPA.
EPA's approach to residue removal is proceeding 
along two tracks: one set of standards for registrants 
and one set for end users. Presently, most of the 
burden for residue removal is on the end users. EPA 
is considering giving registrants broader responsibili­
ties in residue removal considerations. In particular, 
EPA would like to see registrants design or select 
containers that minimize the retention of pesticide 
formulation after emptying and cleaning.
One regulatory approach that EPA is considering 
for registrants is to set a performance standard for 
the maximum amount of residue remaining in a 
container after a specified residue removal procedure
is conducted. The amount of residue could be set by 
analyzing available data to determine a practicable 
level of residue removal for the majority of con­
tainer/ formulation combinations currently in use. A 
different standard could be set based on what is 
practicable for the specific type of container and 
what residue removal procedure is appropriate for 
the container/formulation combination. Examples of 
possible categories for a residue removal standard 
are rigid containers with dilutable products, bags, 
rigid containers with ready-to-use products, and 
aerosol containers. Under this potential approach, 
the registrant would be responsible for showing that 
the containers could meet this standard.
A substantial amount of information is available 
on the efficiency of triple rinsing as a method for 
cleaning containers. Using these data, EPA is consid­
ering a regulatory standard for rigid containers with 
dilutable products that would be based on the 
amount of residue that can be removed from a 
container after a carefully defined, laboratory-based 
triple rinse. The responsibility for compliance with 
this standard would rest with the registrant, since the 
level of residue would depend on the performance of 
the particular container and formulation. EPA is 
considering the development of standards for other 
categories of containers and formulations as the 
necessary data become available.
On the other hand, end users are the ones who 
actually handle the containers and therefore have the 
responsibility of properly cleaning containers accord­
ing to the label directions. To help end users, EPA is 
considering updating container disposal statements 
on the labels to provide the users with more detailed 
directions for triple rinsing and/or pressure rinsing.
EPA is not currently planning to include con­
tainer disposal requirements in the container design 
and residue removal regulations. However, EPA 
believes that some of the potential standards dis­
cussed above may facilitate the proper disposal or 
recycling of pesticide containers. For example, the 
container dispensing standards may decrease the 
amount of residue on the exterior of containers. 
Similarly, the residue removal performance standard 
and the improved rinsing instructions for the labels 
may decrease the amount of residue on the interior of 
the containers. EPA believes that clean containers are 
the key to the safe recycling or disposal of containers.
Refillable Containers
Refillable containers offer several advantages 
over nonrefillables in terms of waste minimization, 
although they do present several different concerns. 
EPA believes that two of the major concerns posed 
by refillable containers are the potential for a large 
release of pesticide and the possibility of contamina­
nt
tion of the product being sold or distributed in the 
refillable containers. Many of the potential require­
ments discussed below are intended to address these 
two concerns.
EPA is considering defining four major types of 
refillable containers, based on the type of pesticide 
the container is intended to hold—liquid or dry—and 
the size of the container—minibulk or bulk. The size 
distinction being evaluated for liquid pesticide 
containers is 3,000 liters (793 gallons), which is the 
upper limit for intermediate bulk containers as 
specified in the United Nations Recommendations on 
the Transport of Dangerous Goods (1991). The size 
criterion being considered for dry pesticide contain­
ers is 2,000 kilograms (4,409 pounds). For example, 
under this scheme a liquid minibulk container would 
be a refillable container designed to hold liquid 
pesticides that has a capacity of less than or equal to 
3,000 liters.
Because minibulk containers generally are 
subjected to wear and tear during transportation, 
handling, storage, and use, EPA would like to ensure 
that minibulks have a certain minimum degree of 
strength and durability. Thus, EPA is considering a 
requirement that all minibulk containers be capable 
of passing a drop test. The specific drop tests that 
EPA is evaluating are the intermediate bulk container 
drop tests in the United Nations Recommendations on 
the Transport of Dangerous Goods (1991). Also under 
consideration for minibulks is a requirement that 
each opening on a liquid minibulk would be 
equipped with a one-way valve, a tamper-evident 
device, or both. The purpose of this standard would 
be to minimize the potential for cross-contamination 
by giving refillers an indication of whether sub­
stances other than the labeled pesticide may have 
been introduced into the container.
EPA is considering several standards for bulk 
containers to minimize the possibility of large 
releases of pesticide. Broken external sight gauges 
and damaged piping attached to bulk containers are 
common causes of pesticide releases from bulk tanks. 
Therefore, EPA is considering a prohibition of 
external sight gauges and a requirement for bulk 
containers to have shutoff valves that would allow 
pesticide flow from broken transfer pipes to be 
stopped.
Currently, most repackaging of pesticides into 
refillable containers is conducted according to the 
criteria in the Bulk Pesticides Enforcement Policy 
(U.S. EPA 1977,1991). This policy describes certain 
conditions in which EPA allows the transfer and 
repackaging of bulk pesticides without requiring 
registration of the repackaged pesticides. EPA is 
considering incorporating many of the criteria in the 
bulk pesticides policy into the container design and
residue removal regulations. For example, the policy 
explains that for a registrant to allow a refiller to 
repackage the registrant's product and use the 
registrant's label, the registrant must provide a 
refiller with written authorization (or enter into a 
written contract with the refiller). EPA is considering 
including this standard in the container regulations.
EPA is contemplating a number of other proce­
dural requirements to ensure that refillers have 
necessary information and to facilitate the safe refill 
and reuse of containers. As an example, EPA is 
considering requiring registrants to develop direc­
tions for cleaning containers before they are refilled 
and to provide these instructions to the refillers. In 
addition, EPA may propose that refillers have certain 
responsibilities because they are the ones who would 
actually be handling the containers. For instance,
EPA is considering requiring refillers to visually 
inspect each container before it is refilled and to 
properly label each container.
Containment
EPA is planning to propose standards for 
pesticide containment structures as part of the 
container design and residue removal regulations. 
The containment requirements would be intended to 
prevent pesticide contamination of soil and water at 
bulk agricultural pesticide storage facilities and at 
locations where agricultural pesticides are repack­
aged into refillable containers. There are many 
potential sources of pesticide spills at refilling sites 
and at facilities that store or dispense pesticides from 
bulk containers. For example, chronic small leaks 
from containers and appurtenances can cause 
significant environmental contamination over time. 
In addition, EPA estimates that about 1% of bulk 
storage sites experience fairly large, sudden releases 
of concentrated product from bulk containers each 
year (Howard 1992). EPA believes that containment 
standards will help ensure the safe use, reuse, and 
refill of containers as specified by FIFRA section 19.
Spills can occur at any point in the pesticide 
distribution chain, from the registrant to the end 
user. However, the substantial majority of docu­
mented evidence EPA has been able to accumulate 
indicates that soil and water contamination are most 
prevalent at commercial facilities near the end of the 
agricultural pesticide distribution chain. Therefore, 
EPA is considering applying containment require­
ments to refillers of agricultural pesticides whose 
principal business is retail and to custom blenders 
and custom applicators of agricultural pesticides. 
However, EPA is also considering applying contain­
ment standards to a wider universe of facilities, 
possibly including registrants, farmers and large 
non-agricultural pesticide users.
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EPA is considering proposing standards for two 
types of containment structures: (1) secondary 
containment units around stationary bulk containers 
and (2) containment pads for pesticide dispensing 
areas. In general, EPA is considering requiring 
containment pads at areas where pesticides are 
dispensed into or from stationary bulk containers 
and where refillable containers are refilled, emptied, 
cleaned, or rinsed.
EPA is evaluating a number of general require­
ments for materials, design, construction, operation, 
inspection, and maintenance that would apply to 
both containment pads and secondary containment 
units. As with the draft container standards, EPA 
generally is attempting to develop containment 
standards that are performance-based rather than 
design-based. For example, EPA may require that 
containment structures be constructed of rigid 
material such as reinforced concrete that could 
withstand expected loads. EPA is also evaluating the 
possibility of a hydraulic conductivity standard to 
establish the maximal rate at which materials may 
migrate through containment structures. Such a 
standard could be satisfied by the use of structural 
materials, surface sealants or coatings and/or a 
continuous liner at the bottom of the containment 
structure. In addition, EPA is considering a require­
ment that the materials used to construct the contain­
ment structure be resistant to the pesticides stored or 
used therein.
In addition, EPA is contemplating certain design 
requirements, such as capacity standards, that are 
specific to an individual type of containment struc­
ture (i.e., secondary containment for stationary liquid 
bulk containers, secondary containment for dry bulk 
pesticide containers or containment pads.)
EPA believes that even extremely well-designed 
containment structures will fail without proper 
housekeeping and maintenance. Therefore, EPA is 
considering requirements addressing the need for the 
timely cleanup of spills, inspections of containment 
structures and associated equipment, and proper 
repair of the structures.
One of the most challenging aspects of develop­
ing the containment standards has been crafting the 
draft regulations to mesh with the highly varied 
network of existing state containment regulations. To 
ensure consistency to the highest degree practicable, 
EPA analyzed regulatory approaches taken by the 
states and other entities to identify requirements that 
are effective and widely accepted. In addition, EPA is 
planning to propose a phase-in schedule for the 
regulations to minimize the impacts on operations 
that have already constructed containment systems, 
often at considerable expense.
Conclusion
This paper has briefly discussed the FIFRA 
directives for pesticide containers, EPA's study and 
work on pesticide containers to date, and some of the 
options being considered in the development of the 
draft container and containment regulations. EPA's 
projects have been fueled to a large extent by the 
cooperation and open exchange of information 
between EPA, industry, other agencies (federal and 
state), environmental groups, and other interested 
parties.
EPA staff members working on this project 
continue to seek new or relevant information on the 
subjects of pesticide containers and containment. A 
particularly significant opportunity for people to 
relay their knowledge and opinions on pesticide 
containers and containment will be the formal public 
comment period after the regulations are proposed in 
the Federal Register. EPA plans to propose the 
regulations in January 1994. EPA encourages inter­
ested parties to submit comments with as much 
supporting information as possible, regardless of 
whether your views include concerns, disagree­
ments, suggested revisions and/or agreements with 
sections of the rule that will be proposed.
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Cross-Contamination of Bulk and Minibulk
Pesticide Containers
D. W. Rushing
Repackaging of bulk herbicides has been a major 
contributor to reducing excess plastic containers into 
the environment. The practice has grown steadily 
over the past 10 years in the Midwest. A significant 
percentage of the midwestern corn and soybean 
business is associated with bulk and minibulk 
systems. However, over the past two seasons, the 
issue of cross-contamination has threatened the bulk 
repackaging policy. The practice of using multiple 
active ingredients in a single bulk or minibulk 
container can often result in the presence of residues 
other than those labeled on the container.
The Environmental Protection Agency under 
provisions of Section 8 of FIFRA has authority to 
enforce the cross-contamination issue. If a state 
department of agriculture inspector, acting in accor­
dance with EPA, during a routine inspection samples 
a bulk or minibulk tank and finds another active 
ingredient other than what appears on the tank label, 
the repackager and the registrant can be fined up to 
$5,000 per violation. EPA Region VII (IA, KS, MO, 
NE) has been enforcing this ruling. During 1994, the 
remaining EPA regions will become active in moni­
toring. Other items included during inspections are 
sales records, current repackaging agreements, EPA 
establishment numbers, proper labeling, and net 
contents posted.
Results from Region VII in 1992-93 indicate that 
60% of bulk tanks and 80% of minibulk tanks con­
tained one or more unlisted active ingredients. 65% 
of these samples contained unlisted active ingredi­
ents greater than 100 parts per million. Major causes 
of contamination were from poor or lack of cleaning 
practices, common piping/hoses, pumps, back 
flushing, and multiple uses of tanks. The most 
reliable method for avoiding cross-contamination is 
to dedicate tanks to a single product. Dedicated tanks 
and lines significantly reduce the chances of detect­
ing significant levels of pesticide residues. If a tank 
has already been exposed to multiple products, it is 
possible to "rededicate" the tank. The National 
Agricultural Chemical Association (NACA) has 
designed industry wide standards for cleaning bulk 
and minibulk tanks. These guidelines include:
• Removal of old labels, placards, and tamper 
evident devices
• Pressure wash with clean water
• Use tank cleaner or neutralizer until visible 
residue signs are removed
• If container is equipped with an integral 
pump, cleaning solution and clean water 
must be flushed through the system
• Check for hardened residues
• Pressure rinse container with clean water
Although minimum acceptable levels of unlisted 
contaminants have been proposed, the law currently 
prohibits any detectable level. The EPA and product 
registrants are working to develop alternatives to 
"zero tolerance". In the meantime, dedicated tanks 
are the only sure way of avoiding cross-contamina­
tion.
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Container Recycling in Illinois
B. A. Beaver and W. D. Goetsch
Introduction
The agrichemical industry in Illinois is moving 
closer to a deadline which could prove to be some­
what difficult to address. After January 1,1995, it will 
no longer be permissible to open burn agrichemical 
containers at an agrichemical facility, thus industry is 
looking for alternatives which seem somewhat 
limited.
Traditionally, many containers find their way to 
landfills; however, today many landfill operators 
seem more and more reluctant to accept these 
containers. Open burning at the site of application 
may be another option under consideration by both 
agrichemical facility operators and farmers; the 
practicality of transport when mixing is conducted at 
a permanent site and the potential liability of road­
side fires makes this option somewhat unattractive. 
Another alternative under development by several 
manufacturers is container redesign. If containers 
were self-disposing such as dissolvable or if products 
were more concentrated such that container size 
could be drastically reduced, the problem of disposal 
would be lessened.
Until containers are all redesigned and/or the 
disposal problem is eliminated, the most desirable 
alternative is one of recycling where used containers 
are properly rinsed, collected, chipped, and 
remanufactured into containers for the following 
application season. Several states around the country 
are involved in this type of activity in cooperation 
with the Agrichemical Container Research Council 
(ACRC), a coalition of various pesticide manufactur­
ers, repackagers and distributors.
Illinois activities
Various segments of the pesticide industry and 
the Illinois Department of Agriculture have coopera­
tively conducted pesticide container recycling pilot 
activities during the past several years. In 1993, 44 
single day collections were held throughout the state, 
sponsored by the various sites, the Illinois Fertilizer
and Chemical Association, United Agri Products, 
Cole Grower, Grower Service, Growmark, and 
ACRC/Tri-Rinse, Inc. Summary statistics associated 
with these collections are shown in Table 1. These 44 
sites resulted in the collection of 57,086 agrichemical 
containers. While more than 57,000 containers were 
accepted for recycling, 3,451 containers were rejected 
for improper or insufficient cleaning. This was 
equivalent to a rejection rate of 5.8%, although some 
on-site washing of the containers was allowed. A 
total of 32 mini-bulk containers and 30 gallon drums 
were also collected at certain sites. Assuming that 
one container is equivalent to approximately 0.75 lb, 
this year's program resulted in the collection of 
42,819 lb of plastic.
The focus of the 1993 collections was on 1 and 2.5 
gallon pesticide containers, although some sites did 
accept 30 gallon drums and mini-bulk containers. 
Only HDPE #2 (High Density Polyethylene) plastic 
containers were accepted for recycling. Each con­
tainer was required to have been either triple or 
pressure rinsed before being recycled. The partici­
pants were also required to remove all labels, foil 
seals, and lids from each container. Lids were not 
accepted because they are manufactured from a 
different type of plastic than the containers.
Each container was inspected for possible 
pesticide residue before it was taken from the vehicle 
by Illinois Department of Agriculture staff members. 
The inspections were necessary since all pesticide 
containers are required by both state and federal law 
to be properly rinsed before disposal. These inspec­
tions also helped ensure a minimization of health, 
safety, and environmental risk at the collection sites. 
By ensuring a clean recycling material, the recycling 
process is able to produce a clean, and very usable 
end product.
After passing the inspection of the IDOA em­
ployees, the containers were then sent through a 
"chipper," where they were ground into granulated 
chips. The on-site grinding facilitated the transporta-
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tion of the containers to the manufacturing process 
centers, since it was not economically feasible to 
transport whole containers. After grinding, plastic 
chips equivalent to 50 containers could be collected
in a 2 ft x 1 ft pail. At each collection site, the granu­
lated plastic was collected in large sacks which have 
a capacity of approximately 1100 lb, which is equiva­
lent to 1500 containers. Containers that were rejected
Table 1. Summary statistics for 44 single day collections of pesticides containers
Date Site Location Number
Accepted
Number
Rejected
Rejection 
Rate (%)
lbs.
plastic
# of 
Mini­
bulks
# of
Participants
6/30 DeLong Co./Winnebago 
Winnebago County
650 18 2.7 488 0 4
7/1 Rock Island/ Prophetstown 
Whiteside County
1,200 no 0.8 900 0 10
7/6 T.W. Ag / Walnut 
Bureau County
630 no 1.6 473 0 6
7/7 Bureau Serv./Princeton 
Bureau County
600 70 10.4 450 16 5
7/8 Gateway Coop/Galva 
Henry County
1,750 *5 0.3 1,313 0 9
7/9 CPS/Viola 
Mercer County
400 55 12.1 300 0 NA
7/12 Kraft Fert./Princeville 
Peoria County
3,000 *125 4.0 2,250 0 17
7/12 Ag-Land FS/Lincoln 
Logan County
900 164 15.4 675 0 16
7/12 Carrol Serv. Co./ Milledgeville 
Carrol County
333 0 0.0 250 0 3
7/13 Ward Corp/Blandinsville 
McDonough County
2,300 *160 6.5 1,725 11 6
7/13 Piatt Service/Bemont 
Piatt County
550 60 9.8 413 0 6
7/13 Clayton Point Fert./Franklin 
Morgan County
3,000 *125 4.0 2,250 0 17
7/13 Ogle Serv. Co./Oregon 
Ogle County
333 0 0.0 250 0 NA
7/14 Henry Service 
Company / Atwood 
Henry County
1,200 0 0.0 900 0 NA
7/14 Chem Gro/Bowen 
Hancock County
1,400 *105 7.0 1,050 0 8
7/14 Vermilion Serv./Sidell 
Vermilion County
220 *20 8.3 165 0 4
7/14 Vigoro / Orchard ville 
Wayne County
80 0 0.0 60 0 1
7/15 Richter Fert/Pittsfield 
Pike County
4,100 170 4.0 3,075 0 6
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during the collection process were sent back with 
their respective owners for proper disposal or 
resubmittal to another collection site.
Other associated activities
During July 1993, United Agri Products (UAP) 
worked with Springfield Plastics of Auburn, Illinois,
in the manufacture of corrugated plastic drainage 
tubing from recycled pesticide container plastic. 
Corrugated plastic drainage tubing containing 25, 50, 
and 100% recycled material was made. UAP and the 
Department used this material at displays at the 
Illinois State Fair and the Midwest Agricultural
7/15 Illini FS/Martinsville 
Clark County
572 *22 3.7 429 0 2
7/15 Schuyler-Brown/Rushville 
Schuyler County
250 *1 0.4 188 0 3
7/15 Bailey-Peavey/Browns 
Edwards County
465 *0 0.0 349 0 1
7/16 Wabash Valley/Springerton 
White County
100 *6 5.7 75 1 2
7/16 Cass County Service/Virginia 
Cass County
330 2 0.6 248 0 4
7/16 Montgomery Service/Litchfield 
Montgomery County
550 *0 0.0 413 0 3
7/19 Sun Ag/El Paso 
Woodford County
1,570 120 7.1 1,178 0 15
7/19 Twin County Serv/Marion 
Williamson County
1,388 *0 0.0 1,041 0 NA
7/20 Edwards Soil Service/Dwight 
Livingston County
2,005 227 10.2 1,504 0 9
7/20 Buckhom Chem./Sparta 
Randolph County
800 0 0.0 600 0 6
7/20 Gateway FS,Inc/Red Bud 
Randolph County
600 31 4.9 450 0 8
7/21 T y-Walk /  Minooka 
Kendall County
1,419 *0 0.0 1,064 0 5
7/21 Planter's Farm Service/Altamont 
Effinghan County
4,400 237 5.1 3,300 0 NA
7/22 Serena FS/Serena 
LaSalle County
2,164 *0 0.0 1,624 0 14 j
7/22 Vigoro/New Memphis 
Clinton County
1,133 0 0.0 850 0 3
7/23 Hintzache Fert./Malta 
Dekalb County
1,267 50 3.8 950 0 7
7/23 Kearney Fert./Bonnie 
Jefferson County
1,455 *300 17.1 1,091 0 3
7/26 McHenry Co FS/Chemuga 
McHenry County
267 75 21.9 200 0 4
8/5 Weber Fert./Buckley 
Iroquois County
841 26 3.0 631 0 5
8/6 Vigoro/Sullivan 
Moultrie County
2,000 77 3.7 1,500 0 NA
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Exposition Trade Show promoting the concept of 
recycling and participation in this program. The 
Department, in cooperation with UAP and the 
Illinois Department of Energy and Natural Re­
sources, is currently in the process of having this 
material installed in an actual field drainage system 
to allow for the monitoring of the performance of this 
recycled material. The Department will sample the 
water carried by drainage laterals made from both 
recycled and virgin plastic in an attempt to prove or 
disprove the contention that residues in the plastic 
may leach into the water carried by the drainage 
tubing. The system should be installed in late 1993 
and sampling should begin in early 1994.
The Department has recently acquired a grant 
from the United States Department of Agriculture 
Farmer's Home Administration for the support of 
pesticide container recycling programs in the state. 
The Department proposed that approximately six 
permanent recycling sites be established across the 
state to receive properly rinsed containers. A portion 
of the grant monies have been earmarked for low 
interest loans to assist in the establishment of these 
sites. Another portion of the grant is for the purchase 
of granulators similar to those utilized by Cole 
Grower, Grower Service, and Tri-Rinse, Inc., this past 
year. These granulators would be purchased by the 
Department but would be loaned out to the perma­
nent sites for their use. Plans are currently being 
developed and it is hoped that sites will be identified 
in early 1994.
Plans for 1994
Representatives of the agrichemical industry are 
in the process of developing plans for single day 
collections similar to the 1993 plan. It is anticipated
that as many as 75 single day collections may be 
scheduled. The Department will be contacting sites 
regarding the possibility of participation as a collec­
tion site during December, with the hope of finaliz­
ing a schedule as early in 1994 as possible. The 
activities conducted in 1993 were successful in spite 
of the very late announcement of the program. It is 
hoped that with much earlier announcement of the 
schedule for 1994, both producers and facility 
owners/operators will be able to plan for participa­
tion and make the program much more successful.
Final Comments—Why Recycle?
By using recycling instead of the previously 
available methods of disposal such as landfilling or 
burning, agriculture gains many positive advantages. 
Landfilling has become increasingly expensive and 
has even become unavailable in certain areas. Burn­
ing the containers may provide a quick method of 
disposal but adds to the ever increasing problem of 
air pollution. Also, the burning of pesticide contain­
ers is being prohibited at agrichemical facilities after 
January 1,1995, pursuant to 8 Illinois Administrative 
Code 255. Recycling, on the other hand, provides an 
excellent method for disposing of empty containers.
It not only demonstrates agriculture's commitment 
toward protecting the environment, but also leads 
toward a source reduction in the amount of plastic 
being used. By using recycled plastic, less virgin 
plastic is required which protects the nation's valu­
able natural resources. Less energy is also required to 
make containers out of recycled plastic than from 
virgin plastic. Basically, recycling not only protects 
the environment, but also helps agriculture as a 
whole.
8/16 Shields Soil Service/Dewey 
Champaign County
2,120 383 15.3 1,590 0 NA
8/17 Pierce Fert Co /Sidney 
Champaign County
143 59 29.2 107 0 2
8/18 Herrin's Ltd/Buffalo 
Sangamon County
2,100 200 8.7 1,575 0 4
8/19 Bergman-Tay lor /  St. Jacob 
Madison County
2,551 321 11.2 1,913 4 NA
8/20 Area Ag/Carlinville 
Macoupin County
1,950 175 8.2 1,462 0 6
8/24 Custom Crop Service/Montrose 
Cumberland County
2,000 42 2.1 1,500 0 NA
TOTALS 57,086 3,451 5.8 ' 2,819 32 224
* Indicates on-site washing occurred.
** 1 container equals approxiametly 0.75 lbs.
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Container Management Trends for the 1990s
John Hester
I could change the title of this presentation to 
"The Effects of Pesticide Container Changes to 
Dealer Facilities of the 1990s." To do so, I must first 
view an Illinois dealership's package storage with the 
containers used today, and then view the same 
facility in the year 2000.
Today's package storage warehouses in Illinois 
and the Corn Belt are predominantly bags of granu­
lar insecticide and plastic 2 x 2.5 gallon containers of 
herbicides, both a disposal problem. The change 
from one-way containers to returnable containers is, 
of course, the trend. In this paper I will discuss 
returnables and other factors that will influence 
"Container Management Trends of the 1990s." The 
other factors are FIFRA 88, MACA Fundamental 
Principles, dealer liability, cross-contamination, and 
custom application
FIFRA 88
In its 1988 amendments to the Federal Insecti­
cide, Fungicide and Rodenticide Act (FIFRA), 
Congress mandated that EPA provide rules that 
would encourage or require:
• the return, refill and reuse of pesticide 
containers;
• the development and use of pesticide 
formulations that facilitate the removal of 
pesticide residues from the containers; and
• the use of bulk storage facilities to reduce the 
number of one-way pesticide containers 
requiring disposal.
After five years of work by various groups, 
FIFRA 88 was published in January 1994 and will 
become effective by 1996.
Most Illinois dealers are already in compliance 
with the bulk chemical storage and load pad portions 
of FIFRA. Many of the remaining provisions are 
requirements for the basic manufacturers, such as 
providing containers that:
• don't glug,
• empty easier,
• rinse easier,
• are easier to recycle, and
• are stronger.
The basic manufacturer will also be required to 
provide formulations that are easier to work with 
and optional packaging to the 2.5-gallon containers 
that require little or no disposal, such as:
• rigid dry refillables (Lock 'N Load),
• refillable bags,
• stronger mini-bulks,
• smaller mini-bulks (S.V.R.'s),
• water soluble bags, and
• gels.
What is the role of the ag chemical dealer in 
FIFRA 88? Ag chemical dealers will be responsible 
for:
• facilitation,
• proper rinsing,
• proper disposal,
• tracking,
• tamper-evidence protection, and
• pro-activism.
The proactive Illinois dealer of today will likely 
notice little additional cost to his dealership in 
compliance with FIFRA 88 because of his bulk 
facilities and cooperation in container disposal 
projects.
MACA Fundamental Principles
In anticipation of significantly stronger laws 
concerning package storage buildings by EPA and 
the National Fire Protection Association (NFPA), the 
industry, through the Midwest Ag Chemical Associa­
tion, has developed a set of guidelines to help dealers 
and distributors upgrade their facilities to prevent 
spills and fires. The MACA Fundamental Principles
120
are voluntary and do not suggest a date of compli­
ance; however, it is expected that EPA will add 
package facility rules to their FIFRA 88 work, which 
will probably become effective in 1997 or 1998.
These principles were developed to upgrade our 
buildings against fires and other hazards and, at the 
same time, protect the economic viability of the 
industry. For example, though NFPA may require 
sprinkler systems, the Fundamental Principles would 
not. It is estimated that in the rural areas where 
plentiful sprinkler-head water is not available, a 
backup water pumping system and sprinkler system 
could cost the equivalent of 50% of the dealer's net 
worth.
The Fundamental Principles attempt to:
• locate facilities, when possible, in rural 
locations away from hospitals, schools, and 
nursing homes;
• enable the facility to capture spills and fire 
fighting water with 4 inches of containment; 
and
• protect the facility from fires from historical 
causes:
Cause Prevention
Shop fires Locate in separate buildings
Office fires Fireproof office
Vehicles in buildings Dead kill switch and 
inspection
Smoking No smoking in buildings
Fires from outside Non-combustible exterior
Several basic manufacturers have adopted the 
MACA Fundamental Principles and will include 
reimbursement to dealers for monies spent in pack­
age facility upgrades in their dealer programs for 
1994 and beyond.
Dealer Liability and Net Worth
A 2.5 gallon jug spilled in a ditch or field is 
serious but easily remediated. A 30 gallon barrel 
spilled in a warehouse can be cleaned up. A mini­
bulk spilled along a road may cost some money but 
can be quickly dealt with. All of these items require 
immediate response and some expenditure, but they 
do not seriously affect the net worth of the retailer.
However, a mini-bulk that lands in a river or a 
fire at a facility is a very, very different problem. Most 
of the major spills at ag chemical dealer's facilities 
have cost several hundred thousand dollars, and 
most of the dealer facilities' fires have cost in excess 
of one million dollars to clean up.
Both FIFRA 88 and the MACA Fundamental 
Principles reduce this liability issue. Pro-action and
compliance by the dealer can reduce this liability 
further.
Cross-Contamination
First, we must define the term "cross-contamina­
tion." EPA states that cross-contamination is any 
product that is not included in its Confidential 
Statement of Formula, e.g., 10 ppb alachlor in a 
metalochlor bulk tank is cross-contamination. To our 
industry, cross-contamination is damage to a crop 
due to the accidental presence of a chemical previ­
ously in the bulk, mini-bulk, or sprayer tank before 
the application that caused the damage.
Few dealers have experienced the industry's 
view of cross-contamination; however, several have 
been fined for the EPA definition. Until EPA and the 
industry work this problem out, we must:
• clean bulk tanks better,
• not use manifolds,
• clean mini-bulks better,
• protect the label on mini-bulks, and
• clean sprayers better.
Containers of the 1990s may be easier to empty 
and dispose of; however, reusable containers will 
require constant attention to the cleaning process or 
we may find that cross-contamination may be 
defined as "the 80 acre field of soybeans I bought 
because I didn't clean my containers."
Custom Application
One might ask, "Why is this subject included in a 
talk about containers?" Many of us started our 
custom application business by taking the sprayer to 
the field and nursing with water, fertilizer, and 
various pesticide containers, such as 2.5s, 30s, or 
mini-bulks.
With the dramatic change in rules, such as 
placarding (DOT), licensing (DOT), Hazwoper 
(OSHA), private applicator licensing (EPS), and 
worker protection (EPA), more farmers are turning to 
their local dealers for expertise in application. This 
increase over the last few years is forcing more 
dealers to mix everything at the plant to speed up 
nursing in the field.
Ten years ago we may have backed the nurse 
truck up to the warehouse to load a few cases, a 30, 
or a mini-bulk and then driven over to the water or 
fertilizer hose to fill the nurse tank. Ten years from 
now it is possible that this nurse truck will pull into a 
building where all the chemicals are stored away 
from buildings that may burn, and under a roof to 
prevent rainfall problems and vandalism, and load 
out of all returnable or refillable containers.
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Now let's look at this facility of the year 2000. 
Some of you are already here, but look at the differ­
ence in containers.
• Do you see many containers that will need
to be rinsed, recycled or disposed of? . . . .  No
• Do you see all those 50 lb. bags of
insecticides? ................................................ No
• Do you see an office, shop, or easily
burnable structure?.................................... No
What we do see is a building filled to capacity for 
spring with water soluble packaging, rigid insecti­
cide returnable containers, micro containers (Classic, 
Pinnacle), and returnable mini-bulks (5,15, 30, 60, 
110, and 250 gallons).
The changes you see in containers at this 
dealership also present a challenge to distributors 
and manufacturers. How do we manage a system of
all returnable and refillable containers during a 
compressed spraying season?
I suggest that the "Pop Truck" concept may 
become prevalent in our industry, but instead of 
delivering full 12 ounce pop bottles and picking up 
the empties, we will see the distributor deliver 15, 30, 
110, 250 and even 5 gallon returnable containers, and 
pick up all the empties so they may be refilled 
quickly for the next application.
In conclusion, container management trends of 
the 1990s are:
• Refillable, not burnable
• Reusable, not disposable
• Bulk and mini-bulk, not the 2.5 gallon 
container
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Legislative and Regulatory Update
G. C. Kirbach and W. D. Goetsch
Introduction
Legislative and regulatory proposals have been 
very numerous at the national, state, and local levels 
in recent years. Record keeping provisions in the 
Farm Bill, worker safety regulations at the federal 
level, containment regulations at the state level, and 
talk of additional notification and posting require­
ments at the local level all have manufacturers, 
retailers, and applicators wondering what might be 
next. The 1993 legislative sessions and state agency 
regulatory activities have been no exception to the 
trend. In this paper, the results of the 1993 legislative 
session, the proposed cooperative groundwater 
regulation, and some proposed national pesticide 
program revisions are described. Record keeping, 
worker safety, endangered species, and other devel­
opments are important to this topic, but are not 
included in this paper because they are addressed in 
other conference presentations or are scheduled for 
discussion in related forums.
The 1993 Illinois Legislative Session
The agrichemical industry was directly affected 
by five separate bills that were either signed into law 
by Governor Edgar or remained active at the time of 
preparation of this paper. Senate Bill 85 (Preemp­
tion), House Bill 1259 (Warning letters and land 
application extension), House Bill 436 (IEPA 
lawncare endorsement), and House Bill 473 (Christ­
mas Tree classification as nursery stock) each passed 
through the legislature and were signed by Governor 
Edgar. Senate Bill 393 (Remediation Program) was 
held over for further study and remains active for the 
next legislative session.
Senate Bill 85 (Preemption)
Two years ago at the 1992 Illinois Agricultural 
Pesticides Conference, an attorney addressed the 
audience concerning the regulation of pesticides by a 
local unit of government. In 1991, she had repre­
sented the town of Casey, Wisconsin, before the 
United States Supreme Court in Casey v. Mortimer. In 
that case decision, the United States Supreme Court 
held that the Federal Insecticide, Fungicide and 
Rodenticide Act (FIFRA) did not specifically preempt 
a local unit of government's right to regulate pesti­
cides. The decision set in motion a trend of legislators 
debating whether local units of government, through 
state law, should be empowered to regulate pesti­
cides.
On August 13,1993, Governor Edgar signed 
Senate Bill 85, which amended the Illinois Pesticide 
Act to prohibit the regulation of pesticides by any 
political subdivision of the state, except for counties 
and municipalities with a population greater than 
2,000,000. Opposition to the bill was based on the 
concern about whether the state was currently 
regulating pesticides adequately; who can or should 
be authorized to prohibit the use of pesticides in an 
area; and the desire of some local governments to 
regulate certain aspects of the use of pesticides, 
particularly those utilized by the lawn care industry.
Currently, the state of Illinois regulates pesticides 
under the provisions of two statutes, the Illinois 
Pesticide Act (415 ILCS 60/1 et seq.) and the Illinois 
Lawn Care Products Application and Notice Act (415 
ILCS 65/1 et seq.). A municipality has the right to 
administrative relief from the Director of the Depart­
ment of Agriculture to address a specific situation. 
Under the provisions of the Illinois Pesticide Act, a 
municipality may petition the Director of the Depart­
ment to develop appropriate regulations that may 
address specific concerns or situations.
The debate over the applicability and constitu­
tionality of Senate Bill 85 will continue for some time. 
At the time this paper was prepared, a lawsuit that 
questions the constitutionality of the legislation had 
already been filed. Whether or not the provisions of 
Senate Bill 85 remain part of the Illinois Pesticide Act 
or are ultimately removed, numerous amendments to
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the Act can be expected in the next sessions of the 
Illinois General Assembly.
House Bill 1259 (Warning letters and land 
application extension)
One component of the penalty provisions of the 
Illinois Pesticide Act (Act) associated with the misuse 
of a pesticide is a warning letter. The Act provides 
for a series of penalty points associated with the 
various aspects of a misuse case in an attempt to 
establish the degree of penalty that should be pre­
scribed. Prior to the passage of H.B. 1259, the Depart­
ment was required to hold an administrative hearing 
to establish a violation regardless of the degree of 
penalty sought. H.B. 1259 allows the Department to 
issue either advisory letters or warning letters 
without first holding the administrative hearing, thus 
saving hearing time, staff time, and other resources. 
Respondents who are issued advisory or warning 
letters continue to have access to their "day in court" 
because they may request a hearing after receipt of 
the letter.
The second portion of the bill provides for an 
extension to the Department's land application 
program. An owner or operator of an agrichemical 
facility can request a "written authorization for the 
land application of pesticide contaminated soils at 
agronomic rates" from the Department. The appli­
cant prepares an application form that provides 
information relative to the source of the soils, degree 
of contamination, site of the land application, appli­
cation rate, and pre- and post-test proposals. This 
program had a "sunset clause" for July 1,1993, but it 
was extended through July 1, 1995.
House Bill 436 (IEPA lawncare permit 
endorsement)
The Illinois Lawncare Products Application and 
Notice Act was amended in 1992 to provide for 
permits to be issued by the Department for the 
construction and operation of lawncare wash water 
containment areas. The Department, in consultation 
with the lawncare and nursery industries and the 
IEPA, developed regulations explaining both the 
construction and operational requirements of these 
facilities. House Bill 436 amends the Illinois Environ­
mental Protection Act to allow the IEPA to endorse 
permits issued by the Department to these facilities, 
thus eliminating the need for permits from two 
separate agencies.
House Bill 473 (Christmas trees)
Although H.B. 473 does not directly affect the 
agrichemical industry, the passage of this bill has a 
major effect on agriculture, specifically the nursery 
and Christmas tree growing industries. The bill
simply adds "Christmas trees" to the definition of 
nursery stock. This addition has the net effect of 
requiring all Christmas tree plantations to be in­
spected by the Department annually. Due to this 
definition change, all Christmas tree stands must 
apply to the Department for a Nursery Dealers 
Certificate. The classification of Christmas trees as 
nursery stock allows the Department the ability to 
examine more closely these commodities and inspect 
for various insect pests and plant diseases that can 
have an adverse impact on the traditional nursery 
industry, the Christmas tree industry, and the plants 
of the general public.
Senate Bill 393 (Remediation)
This bill was originally introduced as a vehicle 
for a remediation program for agrichemical sites. The 
Department was not able to complete and release the 
final report on the Agrichemical Facility Site Con­
tamination Study until July, 1993; thus, a remediation 
program was not developed and the bill was held 
over for possible consideration during either the fall 
veto session or the following spring session. The 
Flood of '93, the Chicago school crisis, and other 
issues came to the forefront during the fall veto 
session, so the bill was not considered. It currently is 
available for consideration in the next session.
Cooperative Groundwater Protection 
Program Rule Proposal (8 Illinois 
Administrative Code 257)
The Illinois Groundwater Protection Act of 1987 
established wellhead setback zones, regulated 
recharge areas, and designated other principles 
targeted at the protection of the state's groundwater 
resource. This act also identified certain activities, 
such as the handling and storage of pesticides and 
fertilizers, as potential "sources" of pollution and 
mandated the development of regulations governing 
these and similar activities. During the ensuing time 
period, the Illinois Environmental Protection Act was 
amended to provide for the development of an 
alternative program, to be administered by the 
Illinois Department of Agriculture, regarding certain 
sources. The alternative program, as proposed, 
includes both groundwater monitoring provisions 
and structural /operational requirements. The 
monitoring requirements are intended to be less 
burdensome than the original program adopted by 
the Illinois Pollution Control Board, while the 
structural/operational requirements are more 
stringent. This rule, proposed to become effective on 
or before January 1,1994, will apply to those facilities 
that have filed a Notice of Intent with the Illinois 
Department of Agriculture (Department) to be
124
subject to the provisions of 14.6 of the Illinois Envi­
ronmental Protection Act and have facilities located 
within a setback zone of a potable water supply well, 
community water supply wellhead, or within a 
regulated recharge area. The four types of facilities 
affected are agrichemical facilities (as defined by 8 
Illinois Administrative Code 255), lawncare facilities 
(as defined by 8 Illinois Administrative Code 256), 
central distribution facilities, and other facilities (i.e., 
seed treatment plants). General Class A and Class B 
lawncare facilities will be exempt from some sections 
of the proposed rules.
Affected facilities will be classified by the poten­
tial for groundwater contamination due to the 
geological vulnerability of the site. These classifica­
tions/categories are as follows:
(1) "Category A Geologic Vulnerability" defines the 
geologic material associated with a community 
water supply well with a 400 foot minimum 
setback zone deriving water from an unconfined 
shallow fractured or highly permeable bedrock 
formation or from an unconsolidated and 
unconfined sand and gravel formation. For any 
other potable water supply well, Category A 
means that Class I or III groundwater is located 
at or within 50 feet of the land surface and the 
top of such potable well screen or open interval 
is less than or equal to 100 feet from the land 
surface.
(2) "Category B Geologic Vulnerability" defines the 
geologic material associated with a community 
water supply well with a 200 foot minimum 
setback zone not deriving water from an uncon­
fined shallow fractured or highly permeable 
bedrock formation or from an unconsolidated 
and unconfined sand and gravel formation. For 
any other potable water supply well, Category B 
means that Class I or III groundwater is located 
more than 50 feet from the land surface or the
top of such potable well screen or open interval 
is more than 100 feet from the land.
(3) "Regulated Recharge Area" defines a compact 
geographic area, as determined by the Pollution 
Control Board, the geology of which renders a 
potable resource groundwater particularly 
susceptible to contamination.
A facility review report will be conducted by the 
site owner/operator and submitted to the Illinois 
Department of Agriculture according to the follow­
ing time schedule in Table 1.
It will be the responsibility of the Department 
(IDoA) to make a determination of report complete­
ness and establish a time frame for the correction of 
identified deficiencies in the facility review report.
All technical review processes will be coordinated 
with the Illinois Environmental Protection Agency 
(Agency) in the case of all community and non 
community water supply wells.
The owner/operator of agrichemical or lawncare 
facilities (except those with a General Class A or 
General Class B Permit) are required to implement a 
site monitoring program based upon the 
Department's determination of the "Facility Review 
Report" and the mandated requirements as follows: 
(1) groundwater monitoring from an "on-site" 
facility well(s) or monitoring well(s); or (2) an 
alternative monitoring program that has been 
approved by the Department. These programs must 
be implemented no later than 120 days after the 
Department's determination, or 120 days after receipt 
of notice to proceed from the Department. These 
dates correlate directly to the facility classification 
previously outlined. An alternative monitoring 
program must provide for adequate characterization 
of "on-site" conditions, as well as detection capability 
within or above the vadose zone.
A facility owner/operator is required to provide 
written notification to the Department within three
Table 1. Time schedule for a facility review report
Facility type Location Report submittal compliance date
Category A minimum setback zone March 31,1994
Category B minimum setback zone June 30,1994
Category A maximum setback zone June 30,1994 or within 90 days after the 
effective date
Category B maximum setback zone September 30,1994 or within 90 days after the 
effective date
Regulated Recharge 
Area
September 30,1994 or within 90 days after the 
effective date of a regulated recharge area
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days of the occurrence of all agrichemical spills. 
(Agrichemicals are defined in 8 Illinois Administra­
tive Code, Section 255.10 as pesticides or commercial 
fertilizers, at an agrichemical facility, but do not 
include anhydrous ammonia fertilizer material). The 
required information includes the date, time, loca­
tion, amount, the response action taken, and the 
subsequent results associated within the response 
action. The specific groundwater monitoring require­
ments are detailed in Attachment A at the end of this 
paper. Groundwater monitoring programs will 
include procedures for sample collection, sample 
preservation and shipment, analytical procedures, 
and chain-of-custody control. Appropriate immu­
noassay screening tests and procedures approved by 
the Department may be used in conjunction with 
other, more traditional analytical procedures.
The proposed rule also includes provisions that 
require that Agrichemical Facility Containment 
Permits and Lawncare Permits must be obtained for 
all new and existing facilities affected. Permits will be 
renewed every five years, except for experimental 
permits, which shall have a duration not to exceed 
two years initially. The proposed rule also allows for 
an extended permit life of an experimental permit. 
After one renewal, an experimental permit may be 
renewed for a period not to exceed five years in 
duration.
Central distribution facilities will be required to 
obtain a general class permit. Structural requirements 
for central distribution facilities will include a
secondary containment structure with specified 
hydraulic conductivity ratings and/or compatibility 
statements for the products being handled or stored. 
Floor penetrations will be prohibited. Curbing is 
required to allow for the interception and retention 
of any spillage that should occur during day-to-day 
operations.
Structural requirements have been expanded for 
agrichemical facilities, as well as larger lawncare 
facilities. A few of the requirements are highlighted 
in Table 2.
Finally, facilities will be required to monitor after 
closure or discontinuation of operations at a facility. 
All products and contaminated materials must be 
removed. Monitoring frequency and duration shall 
be determined by the Department based upon 
criteria, including site history, history of spills and 
the related consequences, previous monitoring 
results, and remediation performed. Certification of 
the closure will be required.
Federal Administrative Pesticide/Food Safety 
Legislative Reforms
In 1993, the National Academy of Sciences 
released a report on ways to improve pesticide 
regulation to better assure that children are fully 
protected from pesticide risks. As a result, the 
administration has proposed a pesticide/food safety 
reform package that would include changes to both 
the Federal Food, Drug and Cosmetic Act (FFDCA),
Table 2. Expanded structural requirements for agrichemical and lawncare facilities
Affected structure Expanded requirement
Operational containment structures Required to be protected
(including impregnated bulk dry 
fertilizer operational areas)
from precipitation
Bulk pesticide storage tanks Prohibited of "poly material" construction, unless distance 
requirements are met (Review 257.80 (c))
Transfer piping Containment requirements or management intensive 
requirements
Inspections/ recordkeeping Inspections to be conducted daily during application season
Bulk pesticide unloading Required to be performed over the operational containment 
structure
Repair of application equipment systems Required to be performed over the operational containment 
structure
Mixing and loading operations at 
lawncare facilities
To be performed over the washwater containment structure
Personnel training Required attendance to containment management and incident 
response training—minimum of one time during the duration 
of the issued permit
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as well as the Federal Insecticide, Fungicide and 
Rodenticide Act (FIFRA). Currently, two bills dealing 
with pesticide safety reform, Senate Bill 1478 and 
House of Representatives Bill 1627, have been 
introduced. The central concept of this regulatory 
reform is the "negligible risk" standard. Currently, 
the proposal would eliminate the "Delaney Clause," 
while concurrently prohibiting USEPA from setting a 
tolerance for a pesticide posing more than a one-in-a- 
million lifetime cancer risk based on conservative 
risk assessment methods. S.1487/H.R.1627 would 
provide for the capability of USEPA to establish a 
tolerance greater than a negligible risk if there is the 
establishment of countervailing benefits. These 
benefits should be based on health, nutritional, and 
consumer benefits, as well as the impact on the 
availability of an adequate, wholesome, and eco­
nomic food supply. Components of the reform are as 
follows:
• Registration Sunset. All pesticide registrations 
and tolerances would have to be renewed every 15 
years to insure conformity with health standards. 
However, as proposed, a product could be forced off 
of the market if USEPA fails to act, even if all data 
requirements have been met.
• Phase-Out/Phase Down. Whenever "credible" 
scientific evidence indicates that a pesticide is likely 
to pose a significant risk to humans or the environ­
ment, USEPA could take steps to limit risk by 
requiring phase out or phase down of the pesticide's 
use (i.e., production caps or elimination of certain 
uses). This new authority would be implemented in 
addition to the cancellation process currently in force 
under FIFRA.
• Reduced Use. The Administration proposal 
calls for a joint USEPA-USDA chaired effort to 
develop commodity-specific pesticide use reduction 
goals within one year. The plan calls for implementa­
tion of "Integrated Pest Management" practices on 
75% of all production land within seven years. 
Difficulty lies in the uses of the terms of "IPM," 
"reduced use," and "sustainable" interchangeably. 
There has been proposed authorization of USEPA to 
develop criteria for "prescription use" of pesticides. 
Finally, the current prohibition on requiring "IPM" 
training as part of certification would be repealed.
• Pesticide Minor Use. Incentives for registering 
minor uses would include priority review and 
extended, exclusive data use rights. The minor use 
issue seems to be an economic issue rather than a 
food safety issue.
• Cancellation, Suspension, and Tolerance 
Revocation Procedures. Cancellation and tolerance 
revocation procedures would be amended to elimi­
nate the adjudicatory hearing process. Suspension 
would be decoupled from the cancellation process.
The time consuming and cumbersome "ALJ" process 
for challenging suspensions would be replaced by 
petition procedures and prompt judicial review.
• Enforcement Authority. Improvement in 
enforcement authority could include enhanced 
inspection, record keeping, and lab audit. It also 
could provide for significant increases in penalties 
for FIFRA violations. Finally, there are enhanced 
provisions for "whistle blowers," as well as citizen 
suit provisions. The question has been raised con­
cerning the enhancement of pesticide safety through 
the anticipated increased number of citizen suits 
against federal and state agencies, as well as farm­
ers/ applicators.
• Export of Pesticides. Finally, the administra­
tion has proposed the prohibition of any export of a 
pesticide that has been cancelled in the United States 
based upon health concerns. Food use pesticides, 
which have never been registered, could only be 
exported if a health tolerance has been established 
and/or a method of detection has been developed for 
residues in food.
Summary
Pesticide use and regulation are coming under 
more scrutiny as time goes on. We in agriculture 
must continue to be open to the concerns of others 
while making sure that there is a complete under­
standing by all concerned regarding both the poten­
tial positive and potential negative effects of pesti­
cide use.
It is important to note that both Illinois Adminis­
trative Code 257 and the pesticide/food safety 
reform package are only proposals at the time of this 
document's preparation. The enactment of these 
specific proposals or some variation thereof will have 
an impact on your business; thus, you should try to 
stay informed regarding the current status of these 
and other proposals. Copies of the proposed Alterna­
tive Groundwater Monitoring Program (8 IAC 257), 
or information regarding the various proposals 
under consideration in the United States Congress 
can be obtained from the Illinois Department of 
Agriculture at (217) 785-2427.
Attachment A
If groundwater monitoring is required at a site, it 
is to be conducted as follows:
• Monitoring will be conducted semi-annually 
for five years, except that after the second 
year, the Department may approve monitor­
ing on an annual basis;
• A facility request to alter or discontinue 
monitoring shall include all monitoring
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results. Monitoring may be altered or discon­
tinued upon approval by the Department if 
there were no confirmed pesticide detections 
(MQL) and nitrate—nitrogen levels had not 
exceeded 10 mg/1 during the following 
specified periods: two consecutive years of 
monitoring for alteration; or five consecutive 
years of monitoring for discontinuance.
• Monitoring shall be resumed in accordance 
with subsection (g) if an agrichemical spill 
occurs at the facility unless the Department 
determines that such incident was of mini­
mal consequence.
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New Injection and Closed Handling Systems
R. E. Wolf and L. E. Bode
Efficient use of inputs has always been the goal 
of agriculture. Farmers and chemical dealers are 
becoming more sophisticated and have attitudes that 
reflect a concern for the environment. Due to public 
scrutiny of chemical use and regulations limiting the 
use of agricultural chemicals, it is essential that 
technological developments are forthcoming to 
address environmental concerns. In addition, all 
users of pesticides are confronted with several 
potential hazards. Those who mix, load, apply, and 
handle pesticides have a risk of exposure, not only to 
themselves, but also to the environment. Misapplica­
tion, spills, and unsafe application techniques are all 
major sources for contamination to humans, wildlife, 
and water resources. Since pesticides are likely to be 
a part of the pest-management system for the fore­
seeable future, ways to reduce risks caused by 
pesticides must be practiced. The need to protect our 
environment from the above hazards has sparked 
several technological improvements in application 
equipment. Direct injection and closed handling 
systems are two important technological develop­
ments helping the application industry reduce the 
problems associated with chemical application.
Direct Injection
Direct injection may be the technology that 
potentially could have the greatest affect on the 
method of applying pesticides. With direct injection, 
the spray tank contains only water or carrier. Chemi­
cal formulations or specially blended materials are 
injected directly into the spray lines that are applying 
the carrier. The type of mixing that occurs depends 
on whether the injection occurs before or after the 
carrier spray pump. Injection systems can be classi­
fied by the type of metering pump used. The systems 
currently on the market use either a piston metering 
pump which injects the chemical into the carrier, 
where it is then combined in an in-line mixer prior to 
spraying, or a series of peristalic pumps that meter
the chemical and inject it on the inlet side of the 
carrier spray pump.
The early direct injection systems had several 
limitations. These included a lag time for the chemi­
cal to reach the nozzles, improper mixing of the 
chemical before spraying, and the units were not 
adapted for wettable powder formulations. Many of 
the early problems with this technology have been 
resolved. Improved metering pump systems have 
reduced chemical lag time. In-line mixers have 
resulted in more uniform mixing. The addition of 
agitation to mix wettable powders, allows the use of 
a wide variety of formulations. Direct injection 
technology is available for farm-sized sprayers as 
well as commercial applicator equipment. Control of 
injection with computers makes this technology well 
suited to adjusting rates on-the-go. Rates can be 
accurately controlled to take advantage of site- 
specific needs requiring precise application. On-line 
printers are available to produce a permanent record 
of chemical use and job location.
Several application equipment manufacturers 
offer direct injection equipment systems as a factory 
option, while others offer them as an option installed 
at the equipment distributor or retailer level. With 
the demand being so great for injection systems, 
many injection system manufacturers are offering 
specially designed retrofit packages for sprayer 
owners to install themselves. At the present time 
most of the injection system components are for self- 
propelled, postemergence sprayers and pick-up 
sprayers. There is even some interest by chemical 
companies to develop and provide incentives to 
users to install injection systems for specific chemi­
cals they market.
Several questions should be considered before 
making a decision about purchasing and installing 
any direct injection system. How many chemicals 
will need to be injected at one time? Direct injection 
systems are available to simultaneously apply 
multiple chemicals at a time. Each chemical requires
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a separate pump and returnable storage container. 
The operator can adjust rate and type of chemical 
with on and off control at any time. Will any of the 
injected chemicals need to be mixed? If so, special 
agitation devices may need to be purchased. What is 
the chemical carrying capacity for your needs? Most 
companies offer several tank sizes to meet those 
needs. You will also need to know the range of 
application rates required for your products so that 
the proper size pump can be installed. Another 
important question is what types of carrier materials 
will be used?
Several factors should be considered when 
installing the injection system. The injection tank 
placement in reference to the injection pump and the 
point of injection on the carrier line in reference to 
the last nozzle tip are important. The chemical 
injection line should be kept as short as possible. The 
longer the line, the more potential waste at cleaning 
time.
Another driving force behind much of the 
previously discussed application technology is the 
development of sensors and application of control­
lers. Spray controllers are being integrated in spray 
monitor systems. Electronic devices to control 
application rates have been widely used for years. 
Controllers are designed to automatically compen­
sate for changes in speed and application rates on- 
the-go. Some are computer-based and work well 
with new application techniques such as direct 
injection and variable rate application. Computers 
and controllers work together to place pesticide 
inputs in the precise position at the prescribed 
amount. The ability for the applicator to precisely 
place pesticides in the field is an important environ­
mental factor.
The acceptance of direct injection technology has 
been spurred by environmental concerns, concern for 
operator safety, regulations, and the development of 
new products that are effective at very low rates. 
Direct injection eliminates the need to tank mix 
chemicals, thus pesticide compatibility problems are 
eliminated. Clean up of equipment is minimal and 
with no leftover solutions, disposal of rinsates is not 
a major concern. If the chemicals are in returnable 
containers and are handled in a closed system, the 
potential of operator exposure is greatly reduced. 
Because of the added precision and the ability to spot
spray only where the pesticides are needed with the 
direct injection process, a substantial savings to the 
producer and the environment is also realized.
Closed Handling Systems
A major emphasis by chemical companies and 
equipment manufacturers has been to develop new 
and innovative ways to make the handling of chemi­
cals more convenient and to reduce exposure for the 
people who use pesticide products. Bulk and mini­
bulk handling systems, small volume returnables, 
and various other liquid closed handling systems are 
available to store, transport, and handle liquid and 
granular pesticides. The closed systems associated 
with bulk tanks reduce operator contact with the 
chemicals, eliminate potential spillage, and with the 
returnable containers, container disposal is elimi­
nated. Water-soluble packets, water-dispersable 
tablets, and gels are new formulations available to 
help reduce container disposal and improve human 
and environmental safety. Commercial and private 
applicators can now purchase and use pesticide 
products with reduced exposure and the returnable 
containers eliminate the disposal problems associ­
ated with nonreturnable containers.
Along with the development of the various 
containers and packages, are special transferring 
devices designed to precisely measure the pesticides 
into the spray tanks, eliminating the potential for 
spills and mixer/handler exposure during the 
mixing and loading process. Closed handling sys­
tems are equipped with clean or dry lock connector 
mechanisms, pumps, and electronic flow meters to 
accurately measure the pesticide. Many of the 
containers are product dedicated and sealed, with 
the user being charged based on the metered amount 
of product used, eliminating the need for ever 
opening the container.
With a goal of making chemical handling faster 
and safer, new packaging and handling design 
technologies are rapidly eliminating the problems 
associated with handling pesticide products and 
disposing pesticide containers. Environmental 
stewardship now includes container disposal, waste 
disposal, transport and storage, and application, 
including worker safety. Success or failure in the 
pesticide application industry rests on how well we 
manage our environmental issues.
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Pesticides in Well Water and Groundwater at 
Agrichemical Facilities in Illinois
W. D. Goetsch, G. C. Kirbach, and W. F. Black
Introduction
The Illinois Department of Agriculture (IDOA), 
due to the mandate contained in Public Act 86-1172, 
evaluated the occurrence of pesticide contamination 
of soil and groundwater at retail agrichemical 
facilities in Illinois. The first phase of this evaluation 
was to randomly select 50 facilities from the approxi­
mately 1200 facilities that were currently in operation 
and registered with the Department and to perform a 
Phase I Environmental Property Audit. A portion of 
the audit phase included the selection of four sites 
identified by specific groundwater contamination 
vulnerability groups, the installation of monitoring 
wells, the sampling of those wells, and the analysis of 
samples for the presence of selected pesticides and 
nitrate-nitrogen. This activity was performed to aid 
in the selection of two sites for use in another phase 
of the overall project (see Barnhardt et al. 1993). 
Results of this activity are reported in the final study 
report which is available from the IDOA.
Another phase of this evaluation was to ran­
domly select 52 facilities from the Department's 
registration database which included a water supply 
well on site, sample the well, and analyze the sample 
for the presence of selected pesticides and nitrate- 
nitrogen. A very high occurrence of pesticides in well 
water and groundwater beneath agrichemical 
facilities was suggested by T. Long (1989). In that 
report, Long stated that, "Of those samples currently 
reported out of the laboratory, over 75 percent (43 of 
56 samples) had residues of at least one pesticide." 
This high occurrence rate prompted the IDOA to 
include in its study an investigation into the current 
quality of well water beneath agrichemical facilities 
by the random selection and sampling of 52 facility 
water supply wells. The selection of 52 sites with on­
site water supply wells, sampling of the wells, and 
analysis of samples was conducted by the Illinois 
Department of Agriculture.
This paper summarizes a portion of a previously 
released report, one of a series prepared for the 
overall project entitled, Agrichemical Facility Site 
Contamination Study, conducted by the Illinois 
Department of Agriculture and the Illinois State 
Geological Survey. It provides details regarding well 
water contamination by pesticides at retail 
agrichemical facilities in Illinois. Copies of the 
complete study report may be obtained from the 
Illinois Department of Agriculture, Bureau of Envi­
ronmental Programs, P. O. Box 19281, Springfield, 
Illinois 62794-9281.
Methods
Site selection for this activity was conducted in 
two phases. Sites included in the 50 site soil activity 
(see Krapac et al. 1993) were screened for the pres­
ence of an on-site water supply well. If present, the 
well was selected for sampling once during the fall of 
1992. This additional selection criterion was not met 
by most of the 50 facilities assessed in that study. 
Additional facilities were selected using a random 
number generator computer program supplied by 
the USD A Agricultural Statistics Service and applied 
to the original 1,200+ agrichemical facility site 
registration list. A total of 52 sites which had on-site 
wells were selected and then sampled.
Sample collection was performed by the Illinois 
Department of Agriculture agrichemical facility 
containment program personnel. Approximately one 
or two days before sampling, the facility owner/ 
operator was notified of their selection. Upon arrival 
at the site, the Illinois Department of Agriculture 
inspector identified a faucet, usually outside, located 
closest to the well and ahead of any water storage or 
treatment device, for use as the sampling point. The 
date, time, sampling location, environmental condi­
tions (temperature, wind speed, cloud cover, precipi­
tation, etc.), and other information were then re-
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corded on a sample collection form. The sampling 
point was then cleaned with a brush, detergent, and 
distilled-deionized water before the sampling cell 
was attached. A sampling cell, constructed of Teflon® 
hoses and fittings between the faucet attachment 
mechanism and the sampling point, as well as 
temperature, conductivity, pH, and flow rate meters, 
was utilized to purge the well and collect the 
sample(s). Once flow through the cell was initiated, 
temperature, conductivity, and pH levels were 
measured every 5 minutes. Samples were not col­
lected until readings were stabilized (temperature — 
three consecutive temperature readings, taken 5 
minutes apart, were within 0.5° C; pH — three 
consecutive readings, taken 5 minutes apart, were 
within 0.1 unit; conductivity — three consecutive 
conductivity readings, taken 5 minutes apart, were 
within ± 5%). If readings were not stable after 25 
minutes, flow through the cell was continued for an 
additional 5 minutes before the above tests were 
repeated and samples were collected. All tempera­
ture, conductivity, and pH readings were recorded, 
both during the purging process as well as at the 
time of sampling. Samples were collected in bottles 
prepared by the Illinois Department of Agriculture's 
Springfield Pesticide Laboratory. Sample bottles 
were prepared according to analytical method 
guidelines and were packaged in sealed, insulated 
containers assigned to individual sites. Each sample 
kit and the bottles contained therein were preas­
signed a four digit random number associated with 
each site.
Samplers were given information sheets prior to 
each sampling period which contained a listing of all 
sample kits to be utilized at each well site, including 
the type of sample (regular, field blank, duplicate 
and/or duplicate for spiking). Field blanks, dupli­
cates and duplicates for spiking were collected from 
predetermined, randomly selected sites. A field 
blank, duplicate, and duplicate for spiking were 
collected during each sampling period by each of two 
IDO A field inspectors. The sampling cells were 
equipped with Teflon® flow-splitters to allow for the 
filling of two bottles at once, thus allowing a regular 
sample and the corresponding duplicate or duplicate 
for spiking to be collected simultaneously. Immedi­
ately after filling, sample bottles were returned to 
their original sampling kit, packed in ice, and re­
turned to the vehicle for transport to the laboratory. 
All samples were returned to the laboratory within 
72 hours of sample collection.
Chain-of-custody forms accompanied the 
sampling kits from initial release to final return to the 
laboratory, with appropriate signatures added 
whenever custody was transferred. Upon receipt at
the laboratory, sample kits were transferred to the 
sample custodian where internal kit temperature was 
measured to ensure that the kit temperature had 
been maintained at or below 4° C. An IDOA chemist 
not directly associated with the final analysis of the 
samples then retrieved the kits designated to receive 
spikes. Predetermined amounts of selected analytes 
were then added to those samples. All sample bottles 
were then reassembled and custody transferred back 
to the sample custodian for sample preparation and 
analysis.
Samples were analyzed using the following 
methods: USEPA 507; USEPA 508; USEPA 515.1; and 
ASTM D3867-85. The method titles along with their 
associated analytes included in this activity are 
shown in Table 1. IDOA Pesticide Laboratory 
method detection limits (MDLs) and method quanti­
fication limits (MQLs) associated with the analytes 
included in the analyses are shown in Table 2. 
Analytes detected above the MQL were reported as 
detected accompanied by the associated concentra­
tion. In those instances where detected concentra­
tions were below the MQL but above the MDL, the 
results were reported as the compound being present 
in the sample but not quantified (detected, not 
quantified — DNQ).
External Quality Control/Quality Assurance 
Sample Results
No contamination problems were indicated by 
the field blanks in any of the four analytical proce­
dures. No detections were identified in blank 
samples while one atrazine detection, one trifluralin 
detection, one bentazon detection, and three nitrate 
detections were found in the corresponding regular 
samples from methods 507, 508, 515.1, and D 3867-85, 
respectively. Detections of analytes in duplicate 
samples were reasonably close, but not enough 
detections were found to indicate precision of the 
methods. There were no detections in the duplicate 
samples analyzed by methods 507 and 508. Using 
method 515.1, chloramben was detected below the 
MQL in both a duplicate and regular sample from 
one site and bentazon was found at 1.4 pg/1 in both 
the regular and duplicate sample taken from another 
site. The external spikes indicated a number of real or 
potential problems in the analysis of some com­
pounds. Bromacil was spiked in two samples, each 
having zero recovery. A problem with the original 
heptachlor epoxide analytical standard was discov­
ered by GC/MS, to be another isomer. Measures 
were taken to obtain a correct analytical standard for 
future analysis. Dinoseb recoveries also appeared to 
be of concern, however, all external spike amounts
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Table 1. Summary of analytical methods and associated analytes utilized in the 52-site water wall 
sampling activity
USEPA M ethod  
507*
USEPA METHOD 
508"
USEPA METHOD  
515.1' ; : ;
ASTM
D3867-854 ■:::
Alachlor Aldrin 2,4-D nitrate-nitrogen
Atrazine Dieldrin 2,4-DB
Bromacil Endrin Aciflurofen
Butylate Endrin Aldehyde Bentazon
Chlorpropham Heptachlor Chloramben
EPTC Heptachlor Epoxide Dicamba
Ethoprop Propachlor Dinoseb
Metribuzin Trifluralin
Metholachlor
Prometon
Simazine
Vemolate
a Method 507. Determination of nitrogen- and phosphorus-containing pesticides in water by gas chromatography with a 
nitrogen-phosphorus detector (USEPA, 1988).
b Method 508. Determination of chlorinated pesticides in water by gas chromatography with an electron capture detector 
(USEPA, 1988).
c Method 515.1. Determination of chlorinated acids in water by gas chromatography with an electron capture detector. 
(USEPA, 1988).
d Method D3867-85. Standard test methods for Nitrite-nitrate in water (ASTM, 1986).
were relatively low. No other problems regarding 
those compounds included in the analysis were 
discovered as a result of the external spiked samples.
Results of the Well Sampling Activity
Samples were collected from 52 agrichemical 
facilities with water supply wells during four sam­
pling periods from September 9 through November 
10,1992. The concentrations of 26 pesticides and 
nitrate were determined in these samples. Thirty-one 
samples (60%) contained no detectable concentration 
of pesticide or nitrate, and 8 samples (15%) contained 
only nitrate, thus 39 samples (75%) contained no 
pesticide for which analysis was conducted. The 
remaining 13 samples (25%) contained some combi­
nation of 11 pesticides with or without nitrate. The 
ranking of pesticides based on the frequency of 
occurrence was bentazon > atrazine > trifluralin > 
metolachlor > dieldrin > aciflurifen > prometon > 
dicamba > chloramben > endrin > aldrin. Twenty of 
the 30 pesticide detections were between the MDL 
(method detection limit) and MQL (method quantifi­
cation limit). For those pesticides which were at a 
concentration above the MQL, only dicamba (1 
detection) was above its health guidance advisory
level (HGAL). Nitrate-nitrogen was detected in 16 
samples (31%) with concentrations ranging from 0.17 
to 59 mg/1. Six of the detections (12%) had concentra­
tions greater than 10 mg/1. A summary of the 
analytes detected and their associated concentrations 
are depicted in Table 3.
Although not included in the original selection 
criteria utilized in the design of this activity, the 52 
sites were located on a map developed by McKenna 
and Keefer (1991) which identified regions of the 
state with aquifers vulnerable to contamination by 
nonpoint sources of agrichemicals. Although the 
authors understand the limitations of the map scale 
and its inherent weaknesses, this was done to investi­
gate whether the detections could be associated with 
the depth to aquifer variable utilized in the map. 
Table 4 summarizes the results of that effort. A 
majority, 39 of the 52 sites (75%), were located over 
areas classified as having the lowest potential for 
contamination. Seven (18%) of these sites had pesti­
cide detections as compared to 13 (25%) of all sites 
having detections. Only 13 sites were located in the 
other vulnerability groups, 4 being located in the 
highest potential area, 3 in the 2nd level, and 6 in the 
3rd level. There were 2,1, and 3 sites with pesticide 
detects in the high, 2nd, and 3rd levels, respectively.
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Table 2. Trade names, method detection limits, and method quantification limits for analytes included 
in the 52 site agrichemical facility water well study
Analyte i; Trade Name(sP MDLh MQV
------ — m i c rogtcin
acifluorfen Blazer, Tackle 0.68 3.4
alachlor Lasso, Bronco 1.3 2.6
aldrin Aldrin, Aldrex 0.004 0.016
atrazine Atrazine, Aatrex 0.43 0.86
bentazon Basagran, Laddock 0.21 1.05
bromacil Hyvar-X 17.0 34.0
butylate Sutan+, Sutazine 0.65 1.3
chloramben Amiben 0.26 1.3
2,4-D 2,4-D 0.57 2.9
2,4-DB Butoxone, Butyrac 4.0 20.0
dicamba Banvel, Marksman 0.16 0.80
dieldrin Dieldrin, aldrin 0.004 0.016
metabolite
dinoseb Dyanap, Premerge 0.16 0.80
endrin Hexadrin 0.006 0.024
endrin aldehyde — metabolite 0.009 0.036
EPTC Eptam, Eradicane 0.68 1.4
ethoprop Mocap 0.15 0.30
heptachlor Drinox, H-34 0.005 0.020
heptachlor epoxide — metabolite 0.004 0.016
metolachlor Dual, Turbo, Bicep 1.4 2.8
metribuzin Lexone, Sencor 0.43 0.86
prometon Pramitol 0.37 0.74
propachlor Ramrod, Bexton 0.11 0.44
simazine Princep, Simazine 0.12 0.24
trifluralin Treflan 0.003 0.012
vemolate Reward, Vernam 0.65 1.3
nitrate-nitrogen — 0.10 d 0.10 d
a Includes the most commonly used products containing the analyte. 
b Method detection limit 
c Method quantification limit 
d Reported in units of milligrams per liter
The Department also reviewed both the depth of 
the well and the distance between the well and site 
agrichemical operational areas (Table 5) in an at­
tempt to evaluate whether the sampled wells were 
appropriately situated on each facility to assess the 
impact of facility operations on site groundwater. 
Facility well depths ranged from 15 feet to 900 feet. 
In the case of facilities located in areas deemed to be
highly vulnerable to contamination by agrichemicals, 
two wells were less than 50 feet in depth, both with 
multiple pesticide detections and nitrate detections. 
The other two facility wells located in a high vulner­
ability area were 60 and 90 feet in depth, neither of 
which had pesticide detections. Seven of the 39 
facility wells located in areas deemed to be of low 
vulnerability had well depths less than 50 feet.
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Table 3. Summary of pesticide and nitrate detections from well water samples collected from 52 
randomly selected agrichemical facilities
• ' '  - : : -" Analyte Detected-' ' Detection Rate ' . Detected Concentration •:
{#  of Detects/52) (ug /f)
Acifluorfen 3.8 % DNQ (0.68 - 3.4) 
DNQ (0.68 - 3.4)
A ldrin 1.9 % DNQ (0.004 - 0.016)
Atrazine 9.6% 0.90
0.87
DNQ (0.43 - 0.86) 
DNQ (0.43 - 0.86) 
DNQ (0.43 - 0.86)
Bentazon 11.5% 1.97
1.4
1.4
DNQ (0 .2 1 -1 .1 )  
DNQ (0 .2 1 -1 .1 )  
DNQ (0 .2 1 -1 .1 )
Chloram ben 1.9 % DNQ (0.26 - 1.3)
D icam ba 1.9 % 12.0
Dieldrin 5.8 % DNQ (0 .0 0 4 - 0.016) 
DNQ (0 .0 0 4 - 0.016) 
DNQ (0 .0 0 4 - 0.016)
Endrin 1.9 % DNQ (0.006 -0 .0 2 4 )
M eto lach lor 5.8 % 22.0
6.2
2.8
Prom eton 3.8 % 3.2
DNQ (0.37 - 0.74)
Triflura lin 9.6 % DNQ (0.003 - 0.012) 
DNQ (0.003 - 0.012) 
DNQ (0.003 - 0.012) 
DNQ (0.003 - 0.012) 
DNQ (0.003 - 0.012)
N itrate-nitrogen 30.8 % 59. mg/l 
27. mg/l 
24. mg/l 
19. mg/l 
15. mg/l 
15. mg/l 
10. mg/l
8.7 mg/l
8.5 mg/l
7.6 mg/l 
6.0 mg/l
3.6 mg/l
1.8 mg/l 
1.4 mg/l 
0.6 mg/l 
0.17 mg/l
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Table 4. A summary of the 52-site water supply sampling activity classified by site location relative to 
the vulnerability of aquifer contamination by agrichemicals from McKenna and Keefer, 1991
V ulnerability  A reas N um ber of Sites 
Sam pled
N um ber of Sites 
w ith at least one  
; Pesticide D etection
% of S ites w ith at 
least one Pesticide  
D etection
V i-iigh (A) • 4 2 50 %
M edium -H igh (B) • 3 1 33 %
M edium (C) : 6 3 50 %
lo w  (D) 39 7 18 %
TOTAL 52 13 25 %
Samples from four of these wells contained one or 
more pesticides at concentrations above the detection 
limit while three contained no detectable level of a 
pesticide. Fifteen wells in this same vulnerability 
class were 100 feet or less in depth, four containing 
detectable levels of a pesticide and eleven with no 
detectable level.
In terms of well location relative to facility 
agrichemical operations, distances ranged from 
completely off-site in a single case to less than 10 feet 
in six cases. Seventy-nine percent of the wells were 
located within 200 feet of site agrichemical opera­
tional areas and only three facility wells were located 
more than 400 feet from an agrichemical operational 
area. Thus, the Department feels confident that, 
except for the three wells located more than 400 feet 
from facility agrichemical operational areas, the 
facility wells sampled in this study were located 
sufficiently proximate to facility activities to provide 
meaningful data.
Well type and well construction are two addi­
tional variables which could also influence whether 
sampled wells would prove representative of site 
operational impacts on groundwater. Other studies 
have suggested both large diameter, dug or bored 
wells and sand point wells are more susceptible to 
contamination by agrichemicals. Only limited 
information regarding well type for 21 wells in­
cluded in the study (Table 5) and no information 
regarding adherence to current water well construc­
tion code requirements was available for the 52 
randomly selected facility wells.
Although statistical inferences cannot be made 
from these data in terms of pesticide detects in 
relation to vulnerability group due to the unequal 
distribution of sites sampled within vulnerability
classes and the limited availability of well construc­
tion related data, the concept of site prioritization 
based on the depth to an underlying aquifer is 
certainly not ruled out by this information. Thus, 
further investigation of this concept is warranted.
Conclusions
On the basis of an evaluation of the pesticide and 
nitrate concentrations in well water samples collected 
from agrichemical facilities included in this activity, 
several observations can be made. Twenty-five 
percent of the site water supply wells sampled 
contained a detectable level of at least one of the 26 
pesticides included in the sample analysis. The five 
most commonly detected compounds were: 
bentazon, atrazine, trifluralin, metolachlor and 
dieldrin. Only dicamba, detected in one well, was 
present in a concentration which exceeded its HGAL. 
Nitrate-nitrogen was detected in a higher percentage 
of wells, as results demonstrated detections in 31 % of 
those tested. Six wells with nitrate-nitrogen detec­
tions included a concentration greater than the 10 
mg/1 MCL. The percentage of pesticide and nitrate 
detections was somewhat lower than previously 
suggested by Long (1989) regarding retail 
agrichemical facilities. The data suggest that a large 
proportion of the facilities may have been able to 
operate over the years without adversely impacting 
groundwater; however, the data also suggest that a 
number of facilities may have adversely impacted 
groundwater at their respective sites.
Regarding the employment of site vulnerability, 
as defined by depth to underlying aquifer materials 
as a basis for the prioritization of sites where con­
tamination is more likely to occur in areas with 
shallow depths to aquifer material than areas with
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greater depths to aquifer material, the data support 
this type of approach. However, the uneven distribu­
tion of sites selected for sampling within each 
vulnerability class and the limited availability of well 
construction related data made the development of 
statistical inferences impossible.
In general, the results of the well water sampling 
activities suggest that the groundwater below many 
of the retail agrichemical facilities in operation today 
has not been extensively impacted by past facility 
operations. The results do, however, indicate that 
groundwater has been affected in some cases; thus 
concern is warranted.
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Table 5a. Well type, well depth, distance from the well to the facility operational area, and compounds 
detected categorized by vulnerability area for the 52 randomly selected agrichemical facilities.
V .  . W ell . ' 
Type
W ell 
D epflt 
(ft) I;.-;
D istance to 
Facility  
A ctivities (ft)
Com pounds D etected and associated  
' . concentrations
PesttcW e (pg/lV N itrate (m g/l)b
HIGH (A) VULNERABILITY AREAS (0 - 5 ft)
unknown 30 200 acifluorfen, DNQC 
bentazon, 197.0 
dicamba, 12.0 
metolachlor, 6.2
27.0
Sand Point 15 100 aciflurofen, DNQ 
aldrin, DNQ 
atrazine, DNQ 
endrin, DNQ
59.0
unknown 90 40 None 3.6
Drilled - 6" diameter 60 off-site None None
MEDIUM-HIGH (B) VULNERABILITY AREAS (5 -  20 ft)
Drilled - 6" diameter 100 100 bentazon, DNQ None
unknown 56 40 None 15.0
unknown 155 410 None None
MEDIUM (C) VULNERABILITY AREAS (20 - 50 ft)
Large diameter, dug 
or bored well, 
diameter unknown
20 600 atrazine, DNQ 
bentazon, 1.4 
dieldrin, DNQ 
trifluralin, DNQ
6.0
Large diameter, dug 
or bored well, 2' 
diameter
35 300 atrazine, 0.87 
dieldrin, DNQ 
prometon, DNQ
24.0
unknown 80 <10 bentazon, 1.4 
chloramben, DNQ
None
Drilled, 6" diameter 25 140 None 1.8
unknown 240 140 None None
unknown 100 220 None None
a ng/1—micrograms per liter, equivalent to parts per billion (ppb) 
b mg/1—milligrams per liter, equivalent to parts per million (ppm) 
c DNQ—detected, not quantified, see Table 2 for concentration ranges.
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Table 5b. Well type, well depth, distance from the well to the facility operational area, and compounds 
detected categorized by vulnerability area for the 52 randomly selected agrichemical facilities.
Well
Type
Well
Depth
(ft)
Distance to 
facility 
Activities (ft)
Compounds Detected and associated ;
' ' ' ' : concentrations J.-'j;
Pesticide (pg/I)* Nitrate (mg/l)h
LOW (D) VULNERABILITY AREAS (>50 ft)
unknown >100 50 atrazine, DNQC 
bentazon, DNQ 
dieldrin, DNQ 
trifluralin, DNQ
10.0
Large diameter, dug 
or bored well, 3' 
diameter
30 200 metolachlor, 22.0 
trifluralin, DNQ
19.0
unknown 35 25 atrazine, 0.90 
prometon, 3.2
15.0
unknown 30 175 metolachlor, 2.8 7.6
Drilled - 6" diameter 30 350 bentazon, DNQ None
unknown 150 <10 trifluralin, DNQ None
unknown 180 138 trifluralin, DNQ None
unknown 200 25 None 0.17
unknown >100 40 None 0.6
unknown 80 100 None 1.4
unknown 30 126 None 8.5
Drilled - 6" diameter 100 200 None 8.7
unknown 25 80 None None
Large diameter, dug 
or bored well, 3' 
diameter
40 50 None None
unknown 60 <10 None None
unknown 60 35 None None
unknown 80 <10 None None
Drilled - 6" diameter 85 90 None None
a qg/1—micrograms per liter, equivalent to parts per billion (ppb) 
b mg/1—milligrams per liter, equivalent to parts per million (ppm) 
c DNQ—detected, not quantified, see Table 2 for concentration ranges.
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Table 5c. Well type, well depth, distance from the well to the facility operational area, and compounds 
detected categorized by vulnerability area for the 52 randomly selected agrichemical facilities.
w eii
Type
WeU 
: ; Depth 
(ft)
Distance to 
Facility 
Activities (ft)
• ::v: Com pounds D etected and  
; ( a s s o c i a t e d • 1:•; "
. Pesticide (jig/iP ; Nitrate (mg/l)b
LOW (D) VULNERABILITY AREAS (>50 ft) -  continued -
unknown 90 225 None None
unknown 90 60 None None
Drilled - 5" diameter >100 25 None None
unknown >100 50 None None
Drilled - 6" diameter >100 100 None None
unknown 120 40 None None
Drilled - 6" diameter 125 90 None None
unknown 136 45 None None
unknown 140 250 None None
Drilled - 6" diameter 150 110 None None
unknown 160 70 None None
unknown 160 100 None None
unknown 165 <10 None None
unknown 190 <10 None None
Drilled - 5" diameter 310 100 None None
Drilled - 5" diameter 334 90 None None
Drilled - 6" diameter 485 260 None None
Drilled - 6" diameter 500 25 None None
Drilled - 6" diameter 500 120 None None
unknown 660 400 None None
Drilled - 4" diameter 900 230 None None
a fxg/l—micrograms per liter, equivalent to parts per billion (ppb) 
b mg/1—milligrams per liter, equivalent to parts per million (ppm) 
c DNQ—detected, not quantified, see Table 2 for concentration ranges.
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Pesticides in Soils at Agrichemical 
Facilities in Illinois
I. G. Krapac, W. R. Roy, C. A. Smyth, and M. L. Bamhardt
Introduction
Bulk pesticides, fertilizers, and seed are stored, 
mixed, and sold to farmers at more than 1,200 
agrichemical facilities in Illinois (Krapac et al. 1993). 
In 1988, pesticides were discovered in groundwater 
beneath some of these facilities (Long 1989). In 1989, 
Habecker's (1989) investigation of 20 agrichemical 
facilities in Wisconsin found detectable concentra­
tions of pesticides in the soils at all of the facilities; 
alachlor, atrazine, cyanazine, and metolachlor were 
most frequently detected. Evidently, accidental spills 
and poor handling, storage, and containment prac­
tices have resulted in the release of pesticides to soil 
and groundwater. Because the quality of surface and 
groundwater is a major concern in rural areas, a 
comprehensive study of the occurrence of pesticides 
in soil materials at agrichemical facilities in Illinois 
was conducted. The studied was organized by the 
Illinois Department of Agriculture (IDOA) and three 
environmental consulting firms collected and ana­
lyzed soils samples for pesticides. In concert with the 
IDOA, the Illinois State Geological Survey assisted in 
summarizing and interpreting the results generated 
from the soil samples. The use of the term "soil" in 
this manuscript is used synonymously with all 
unconsolidated geologic materials, such as road fill, 
glacial till, or outwash sand.
The scope of this study was to determine the 
occurrence and distribution of pesticides in soil 
materials at 49 agrichemical facilities, and to describe 
the characteristics and operational conditions of the 
facilities sampled in the context of pesticide releases. 
This paper summarizes the findings of this investiga­
tion, which we believe offers the most comprehen­
sive database to date on the occurrence of pesticides 
at agrichemical facilities.
Methods
Study Design
The 49 agrichemical facilities were selected using 
a simple random sampling procedure based on the 
entire population of facilities in Illinois. There was no 
a priori information regarding facility operations, 
presence of soil contamination, nor exact facility 
locations from which to develop a stratified sampling 
scheme. The locations of the 49 sites are confidential.
Site Assessments and Sampling Locations
The site assessments and sample collection and 
analyses for the 49 facilities were performed by three 
environmental consulting firms contracted by the 
IDOA. The site assessments included a review of 
historical documents, site reconnaissance, site 
survey, and soil sampling program.
Prior to the soil sampling portion of the assess­
ment, past and present operational practices at each 
facility were evaluated to better select four sampling 
locations in areas with a high probability of contain­
ing pesticides. At these four locations, soil borings 
were sampled at four depth intervals. Gravel fill 
serves as a road or parking lot at all of the facilities 
and this material may cover a large portion of the 
area occupied by the facility. The first samples were 
collected from the surface of the fill material to a 
maximum depth of 0.60 meters. These samples were 
designated as the F layer. Three additional samples 
collected from each boring were designated as layers 
Si, S2, and S3, collected at depths of 0 to 0.50 meter 
below the base of the fill material, 0.5 to 1.0 meter 
below the fill layer, and 4.0 to 4.5 meters below the 
present ground surface, respectively. In addition, a 
surface sample (0-0.50 meter) was collected from the 
center of the site's most significant surface 
drainageway near the property line of the facility.
141
Soil Sampling
Soil samples from below the fill layer were 
collected using a hollow-stem auger (8 cm I.D.) with 
a split-spoon sampler. The fill was sampled using 
either the auger or a shovel. The soil samples from 
the primary site drainage system were collected 
using either a stainless steel hand auger or soil probe. 
All of the samples were placed in amber bottles, kept 
cold with ice, and delivered to the analytical labora­
tories within 72 hours of collection following chain- 
of-custody procedures. The samples were air-dried 
for no longer than 24 hours before being homog­
enized, sieved, and subsampled for the <4-mm 
particle-size fraction. The samples were stored at 4° C 
until extraction for pesticide analysis.
Soil Analysis Methods
The <4 mm particle-size fraction of samples 
collected from each site was analyzed to determine 
either the presence and/or the concentration of 62 
compounds. The analytes in the soil samples were
identified and quantified using USEPA SW846 
methods (USEPA 1986). In particular, methods 3540 
(Soxhlet extraction) or 3550 (sonication extraction) 
were used to extract the pesticides from the soil. 
Methods 8080 (organochlorine pesticides and PCBs) 
and 8141 (organophosphorus pesticides) were used 
to identify and quantify the pesticides in the extracts 
((USEPA 1986). Nitrate was determined in the 
samples using either EPA method 353.1 or 353.2 
(USEPA 1983).
Soil Analysis Quality Control Procedures
All soil samples were extracted within seven 
days of collection. In most cases, the extracts were 
analyzed within 30 days of extraction. One soil 
sample from each site was split in the laboratory, and 
each split was extracted and analyzed for the target 
analytes. In addition, the recoveries of analytes in 
method blanks, spiked control samples, and surro­
gate recoveries on all samples, blanks, and spikes 
were determined. A compound was not reported as
Figure 1. Occurrence of pesticides handied/distributed at the agrichemical facilities
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present and/or quantified unless the retention times 
and quantitations were in agreement with both 
primary and confirmation gas chromatograph 
columns.
Pesticide Distribution at Agrichemical Facilities
As part of each site assessment, a survey was 
conducted to determine which pesticides had been 
handled and distributed at each facility during the 
last five years. Approximately 88% of the 49 facilities 
had handled atrazine, alachlor, butylate, cyanazine, 
metolachlor, metribuzin, pendimethalin, and triflura- 
lin (Figure 1) during this period. Aldrin, chlordane, 
dieldrin, disulfoton, DDT, endosulfan, endrin, 
ethion, ethyl parathion, fenthion, heptachlor, methyl 
azinfos, PCBs, propazine, and toxaphene were 
reported as not being used at any of the facilities 
within the last five years. Several of these pesticides, 
including aldrin, chlordane, DDT, dieldrin, disulfo- 
ton, ethyl parathion, heptachlor, and toxaphene, are 
either banned or restricted-use compounds.
Pesticide Occurrence In Soil Materials at 
Agrichemical Facilities
Frequency and Distribution of Pesticide 
Occurrence
Of the 62 pesticides for which the 822 soil 
samples were analyzed, seven were not detected in 
samples from any of the 49 facilities (Table 1). Of the 
55 detected compounds, 15 were herbicides, 26 were 
insecticides, 1 was a fungicide, and 13 included the 
chemical breakdown products, nitrogen (nitrate and 
nitrite), and a nonagricultural compound (Arochlor 
1254). The PCB compounds (arochlor isomers) were 
generally not detected. The only pesticide not 
detected in any of the soil samples was lindane. In 
addition, 20 compounds were detected in less than 
1% of the 822 soil samples. Except for dimethoate, 
fonofos, parathion methyl, phorate, and terbufos, 
those compounds detected in less than 1 % of the soil 
samples were also handled at less than 10% (5 or 
fewer) of the 49 sites.
Figure 2. The number and variety of pesticides found at each of the 49 agrichemical facilities
co
oQ)
"CD"O
CDT3
'o
to
CDQ.
CDJQ
E
140
120-
100-
80-
60-
40-
20
-oQJ
O
3Q)
T3
CO
CD
T3
CO
CDQ.
C
CD
CD
X!
E
=3
0  i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i r  
33 34 1 49 14 9 13 19 26 23 37 30 48 18 39 45 50 12 5 22 10 41 47 32 21
51 42 24 20 29 25 43 40 52 38 16 11 2 4 3 7 31 6 44 35 28 27 17 15
S ite  n u m b e r
143
Alachlor, the most frequently detected pesticide 
(Table 1) was found in 343 of the 822 samples (42% of 
the samples), and present at all 49 sites. In general, 
the pesticides detected most often were herbicides, 
which are also the most commonly used in Illinois 
and most often distributed at agrichemical facilities. 
An exception to the trend between pesticide detec­
tion and the number of facilities handling a pesticide 
was dieldrin. It has been banned and no facilities 
have handled the product during the last five years; 
however, it was detected in 11 % of the soil samples 
and present at 69% of the facilities.
Pesticides were detected in soil samples collected 
at each facility. The number of soil pesticide detec­
tions recorded for an individual site ranged from 8 to 
125. The number of different pesticides detected at 
each site ranged from 4 to 30 and was related to the 
number of detections at the site; more detections 
resulted in greater diversity (Figure 2).
Although approximately the same number of 
samples were collected from each depth, the pesti­
cides were found most frequently (49% of detections) 
and, in the greatest concentrations in the fill layer 
(layer F) (Figure 3a and b). Only 9% of the detections 
were found 4 to 4.5 meters deep (layer S3), suggesting 
that the pesticides may not have migrated down­
ward significantly from the fill material at the sites. 
The distribution of nitrate detections, unlike the 
pesticides, was relatively uniform throughout the 
sampling depths (Figure 3c).
Summary statistics were calculated only for those 
data that were above analytical detection limits; 
median and geometric mean values were determined 
only from quantified concentrations. The soil concen­
tration data were skewed in a log-normal distribu­
tion with a large number of relatively low concentra­
tions. Because a large number of the samples were 
reported to have pesticides at less-than-detection 
limit levels, calculation of a mean concentration will 
generally result in a biased estimate (Helsel 1990).
The median or mode concentration may give more 
appropriate measures of central tendency. Thus, the 
mean concentrations reported in the present study 
should be used with caution. If the median concen­
tration for each pesticide is compared to the lowest 
application rate equivalents (ARE) based on chemi­
cal-use data for that pesticide as reported in Roy et 
al. (1993), all of the median concentrations were 
found to occur in a range between one-half to one- 
tenth of the corresponding ARE. The maximum 
concentrations occurred, however, at levels that were 
up to three orders of magnitude greater than the 
ARE.
The pesticide concentrations varied by as much 
as six orders of magnitude in samples collected from 
the 49 sites (Table 2). For example, alachlor was
detected at concentrations ranging from 18 pg/kg 
(near detection limits) to 16,291,000 pg/kg. The 
ranges of detection limits reported by the consultants 
for each pesticide are also listed in Table 2.
The soil pesticide concentrations for all samples 
and pesticides were grouped into 10 ranges in order 
to evaluate the distribution of pesticide detections 
relative to concentration (Figure 4). The greatest 
percentage (24%) of soil detections occurred in the 
concentration range from greater-than-detection limit 
to 50 pg/kg. Of all the detections, 79% had concen­
trations less than or equal to 1000 pg/kg.
Total Pesticide Concentration In Soil Samples
A concern when considering the potential for a 
soil material to attenuate or biodegrade pesticides is 
the total concentration of all pesticides in the soil. 
Studies have shown that high concentrations of 
pesticides in soils can reduce the amount of pesticide 
that can be adsorbed or biologically degraded 
(Davidson et al. 1980, Felsot et al. 1990). Acting on 
information provided in these studies, the Illinois 
EPA proposed, as an objective for soil cleanup, that 
the total pesticide concentration within the upper 15 
centimeters of soil at agrichemical facilities not 
exceed 10 mg/kg (IEPA 1991).
The total concentration of all pesticides detected 
in each sample was determined, and the samples 
were grouped according to sampling depth (F, Si, S2, 
and S3 layers). The arithmetic mean, minimum, and 
maximum total concentration of pesticides in the 
samples from each depth were computed as well as 
the percentage of samples that exceeded a total 
pesticide concentration of 10 mg/kg in each depth 
group (Table 3). The data clearly illustrate that the 
greatest mass of pesticides was found in samples 
collected from the fill (F layer) and the site 
drainageway (Si layer). At 80% of the facilities, one or 
more F-layer samples contained total pesticide 
concentrations greater than 10 mg/kg, while 44% of 
the F samples contained pesticides that exceeded 10 
mg/kg. The S2 and S3 layer samples had concentra­
tions exceeding this limit in approximately 1 % (2 of 
196) of the samples. Samples collected from either the 
Si, S2, or S3 layers contained total pesticide concentra­
tions exceeding their corresponding fill-layer sample 
in less than 10% of the borings drilled at the 49 sites.
Pesticides in Soil Samples With Respect to 
Facility Age and Size
Priorities for the future assessment of facilities 
will be based on the probability that their soils 
contain pesticides. An attempt to set simple criteria 
for prioritizing sites compared the number of pesti­
cide detections at a facility to the age and size of the 
facility. Neither facility age nor size appears to
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Table 1. Summary of detections and occurrence of compounds detected at 49 agrichemical facilities
Compound Number of 
Samples Which 
Contained 
Compound
Number of Sites 
Where 
Compound 
Detected
Compound Number of 
Samples Which 
Contained 
Compound
Number of 
Sites Where 
Compound 
Detected
Alachlor 343 49 DDD 11 7
Atrazine 332 49 Ethion 10 8
Metolachlor 320 45 Azinphos
Methyl
10 5
Trifluralin 259 47 beta-BHC 7 6
Pendimethalin 236 45 Phorate 7 3
Cyanazine 153 42 PCB 1254 6 4
Metribuzin 150 36 Fenthion 6 5
Metribuzin DA 118 26 Fonofos 5 4
Butylate 102 31 Parathion Ethyl 4 4
alpha-BHC 102 17 Disulfoton 4 4
Dieldrin 94 34 Endosulfan ! 4 3
EPTC 90 23 Endrin 3 3
Chlorpyrifos 69 23 Endrin Aid. 3 2
DEA 50 21 Methoxychlor 3 2
Simazine 50 17 Endrin Ket. 3 3
Chlordane 47 18 Parathion
Methyl
2 2
Propazine 41 19 Endosulfan II 2 2
DIA 41 20 Terbufos 2 2
DDT 37 15 Diazinon 2 1
delta-BHC 31 11 Dimethoate 1 1
Aldrin 31 14 Toxaphene 1 1
Bromacil 29 16 Captan 1 1
Prometon 28 15 Demeton 1 1
Heptachlor 26 14 PCB 1221 0 0
DDE 25 12 PCB 1016 0 0
Linuron 18 8 Lindane 0 0
Heptachlor Epoxide 17 10 PCB 1232 0 0
Permethrin 17 6 PCB 1260 0 0
Propachlor 13 8 PCB 1248 0 0
Carbofuran 11 7 PCB 1242 0 0
Malathion 11 6 NOa-N 743 49
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Figure 3. Distribution of detections relative to sampling depth. (S1 Layer Drain, represents those 
surface soil samples collected from prominent site drainage-way)
F Layer (24.8%)
S1 Layer Drain. (6.5%)
51 Layer (24.4%)
52 Layer (23.7%)
53 Layer (20.7%)
a) Percent of samples collected 
from each sampling depth.
b) Percent of pesticed detections 
in each sampling depth.
c) Percent of nitrate detections in 
each sampling depth.
Figure 4. The occurrence of soil pesticide detections with respect to concentration ranges based on 
the cum ulative percent of detections
>DL to 50 101 to 200 501 to 750 1001 to 1500 2001 to 5000
51 to 100 201 to 500 751 to 1000 1501 to 2000 >5000
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Table 2. Summary of agrichemical detections and concentrations at agrichemical facilities
Compound Median
Cone.
(p-g/kg)
Mean
Cone.
(M-g/kg)
Mode
(pg/kg)
Range
In Concentration 
(ng/kg)
Application 
Rate Equiv.6 
(low/high) 
(^g/kg)
Common Range 
Of Detection 
Limits 
(trg/kg)
Alachlor 320 489 140 18 - 16,290,700 1,500/2,820 1 7 -90
Aldrin 0.90 46 Detected Detected -10,849 0.06 - 55
Atrazine 290 454 120 17 - 405,940 450/1,650 16 - 100
Azinphos Methyl 110 148 45 45 - 878 14-250
BHC-alpha 9.4 9.1 10 0.9 - 140 0.7 - 70
BHC-beta 5.1 8.5 1.3 1.3 - 220 0.7 - 70
BHC-delta 5.5 6.0 2.5 0.8 - 119 0.8 - 70
Bromacil 104 168 70 32 - 15,500 18-200
Butylate 423 639 63 40 - 460,000 2,580/3,010 39 -100
Captan 903 903 903 903 - 903 3 - 200
Carbofuran 180 233 55 55 - 2,500 18 - 125
Chlordane 510 855 510 44 - 79,000 5.6 - 100
Chlorpyrifos 128 145 18 6 - 26,000 1,080/1,270 5 - 60
Cyanazine 140 195 160 18 - 83,000 1,260/2,520 20 - 60
ODD 2.8 8.6 Detected Detected - 308 1.4 - 60
DDE 10 22 Detected Detected - 224 1 .8 -6 0
DDT 2.2 11 Detected Detected - 684 1 .5 -60
Demeton 370 370 370 370 - 370 26 - 200
DEA 60 70 39 18 - 517 16-100
DIA 62 75 21 17 - 691 16-100
Diazinon 144 72 19 19 - 270 18 - 60
Dieldrin 55 75 19 2.3 - 17,000 1.2-60
Dimethoate 870 870 870 870 - 870 50- 60
Disulfoton 827 1,036 360 360 - 4,800 18 -60
Endosulfan 1 37 23 2.8 2.8 - 70 1.7-60
Endosulfan II 11 9.3 5.1 5.1 - 17 2.2 - 60
Endrin 70 49 24 24 - 72 0.9 - 60
Endrin Aid. 0 0 Detected Detected 1.6-60
147
Table 2. Continued
Compound Median
Cone.
(pg/kg)
Mean
Cone.
(pg/kg)
Mode
(pg/kg)
Range
In Concentration 
(pg/kg)
Application 
Rate Equiv.® 
(low/high) 
(pg/kg)
Common Range 
Of Detection 
Limits 
(pg/kg)
Endrin Ket. 0 372 Detected Detected - 372 1.3-60
EPTC 110 163 44 33 - 9,681 3,250/4,410 40 -125
Ethion 237 283 18 18 - 6,300 16 -60
Fenthion 156 188 72 72 - 1,200 20 -100
Fonofos 96 238 34 34 - 4,300 1,000/1,350 20 - 60
Heptachlor 38 50 1.4 1.4 - 2,900 0.9 - 60
Heptachlor Epoxide 18 17 3.2 3.2 - 230 0.5 - 60
Linuron 113 190 19 19 - 2,930 16-650
Malathion 100 125 43 31 - 690 22 -100
Methoxychlor 500 391 190 190 - 630 4 -1 00
Metolachlor 601 939 99 34 - 4,706,270 1,500/2,430 34 - 250
Metribuzin 75 92 11 9.4 - 8,400 210/460 10 -60
Metribuzin DA 72 94 12 9.5 - 4,560 10- 60
Parathion Ethyl 805 111 69 69 - 5,540 20 - 200
Parathion Methyl 112 584 110 110-113 20 - 200
PCB1254 0 7,251 Detected Detected - 34,000 50 - 1250
Pendimethalin 211 340 23 12 - 2,591,700 710/1,070 16 -60
Permethrin 190 303 11 11 - 422,198 90/180 8 - 600
Phorate 290 267 103 103 - 560 38 - 100
Prometon 151 165 45 45 - 1,605 15-200
Propachlor 52 61 19 19-420 6 - 550
Propazine 62 96 27 18 - 5,520 16 -100
Simazine 73 168 19 18 - 72,100 1,010 22 -100
Terbufos 70 70 69 69 - 70 29 -100
Toxaphene 1,743 1,743 1,743 1743 - 1,743 160 - 1200
Trifluralin 354 429 21 6.1 - 190,000 320/870 10 -60
n o 3-n
(mg/kg)
58 53 0.2 0.1 - 3,420
Total Detections 2,989
Total Samples 822
a from Roy et al. (1993)
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provide a criterion for determining the severity of 
pesticide contamination at a facility (Figure 5). Past 
and present operational practices in the handling and 
storage of pesticides at each facility may be expected 
to have a greater impact on the presence of pesticides 
in soil.
Distribution of Pesticides With Respect to 
Sampling Location
Some sampling locations might be more likely 
than others to contain pesticides. Each core was 
therefore classified according to the functional area at 
the facility, and the cores were grouped into one of 
10 functional areas, according to site and operational 
descriptions submitted in the reports prepared by the 
consultants. Table 4 lists the number of detections, 
regardless of sampling depth in the core, and the 
total number of detections per core in each area.
The ranking of functional areas according to the 
number of detections per core, was surface drainage 
areas > general mixing/loading areas > pesticide 
mixing/loading areas > fertilizer mixing/loading 
areas > fertilizer storage areas > equipment cleaning/ 
rinsing area > unspecified areas > pesticide storage 
areas > burn pile areas > unidentified areas. Statisti­
cal analysis using the Chi-Square statistic (SAS 
ProcFreq; SAS 1985a) suggested that there was no 
significant difference at the 95% confidence level 
between the distribution of pesticide detections in 
samples collected from all of the operational areas of 
the facilities and samples collected from the drainage 
area. The use of two-way analysis of variance (SAS 
Proc Anova; SAS 1985b) and the Friedman test 
(Conover 1971; SAS Proc Mrank; SAS 1986) did 
suggest that the concentrations of pesticides in 
samples collected from the drainage area were 
significantly different from other functional areas at 
the 95% confidence level. This similarity in the 
number of pesticides detected and the dissimilarity 
in pesticide concentrations suggest that all of the 
functional areas should be routinely sampled during 
a site assessment. Because of the ease of identifying 
surface drainage areas, and the lack of need to obtain 
a priori information regarding facility operations, the 
collection and analysis of samples collected from the 
surface-water drainage areas at an agrichemical 
facility may provide an indication of which pesti­
cides are present in the soil at the site. These findings 
may then be used to narrow the number of pesticides 
to be determined during a formal site assessment.
Figure 5. Pesticide detections in relation to the age and size of the agrichemical facilities
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Table 3. Summary of the total concentration of pesticides in soil samples
S am p lin g
L o c a tio n
A v era g e  to ta l 
p estic id e  
co n ce n tra tio n  
(m g/kg)
M in im u m
to ta l
p esticid e
co n ce n tra tio n
(mg/kg)
M axim u m
to ta l
p estic id e
co n ce n tra tio n
(mg/kg)
P e rc e n t  o f 
sam p les with 
p estic id e  cone. 
> 1 0  mg/kg
F  L a y e r 181 < D L 1 6 ,3 2 4 44
S 1 L a y e r 3 .8 < D L 221 7
S x L a y e r  
D ra in a g e
13 .7 < D L 2 1 9 22
S 2 L a y e r 2 .8 < D L 31 0 1
S 3 L a y e r 0 .4 < D L 14 1
Table 4. Summary of sampling locations with respect to the number of detections and different 
pesticides found at each location
S a m p le  L o c a tio n  
C ateg o ry
N u m b er
o f
D e te c tio n s
N u m b er
o f
C o re s
S a m p le d
N u m b er
o f
D e te c tio n s  
p e r  C o re
N u m b er
o f
D iffe re n t
P estic id es
D e te c te d
S u rfa ce  D ra in a g e  a re a 2 9 0 48 6 .0 41
M ixing/loading a re a 6 2 9 132 4 .8 44
P estic id e  m ixing/loading a re a 311 80 3 .9 38
F e r tiliz e r  m ixing/loading a re a 4 9 4 134 3 .7 38
F e r tiliz e r  s to rag e  a re a 44 6 123 3 .6 39
E q u ip m e n t cleaning/rinsing a re a 2 0 2 60 3 .4 28
M isc. a re a  - u n sp ecified  a ctio n 2 2 7 75 3 .0 38
B u rn  pile 152 61 2.5 2 2
P e stic id e  s to rag e  a re a 2 3 0 93 2.5 25
In su ffic ie n t in fo rm a tio n  to  classify 8 16 0.5 4
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Using Selected Pesticides as Indicators
Using key pesticides to predict the presence 
and/or concentration of other pesticides in the soil 
would greatly assist in limiting the number of 
pesticides to analyze for in site assessments. How­
ever, given the range in pesticide concentrations and 
the presence/absence of specific pesticides in soil 
samples collected either from the same or different 
cores make the selection of indicator pesticides 
difficult. For the soil pesticide concentrations, 
Spearman Rank correlation and Kendall Tau correla­
tion coefficients (SAS 1985b) were calculated by 
using various combinations of indicator pesticides 
and by grouping the data with respect to sampling 
location. When the soil pesticide concentrations were 
grouped either with or without respect to sampling 
depth, and the concentrations of the five most 
prevalent pesticides were combined as a single 
variable, the correlation coefficients between the 
pesticides were less than 0.6 at a 99% confidence 
level for all sampling depth and pesticide combina­
tions. The soil pesticide concentrations for each 
borehole were also compared to determine whether 
relationships existed between pesticide concentra­
tions and their presence or absence within a boring. 
The between-pesticides relationship of the concentra­
tion or presence were stronger; the coefficients were 
significant but still less than 0.7.
The strongest correlations for either pesticide 
occurrence or concentrations were exhibited between 
alachlor, atrazine, cyanazine, metolachlor, 
pendimethalin, and trifluralin, regardless of how the 
data were grouped or analyzed. Although the 
correlation coefficients were less than 0.7 for these 
pesticides, they were considered significant at a 
0.0001 probability level. Based on the four-borehole 
sampling strategy used in this study, indicator 
pesticides may be useful to predict the presence or 
concentration of other pesticides in soil samples 
collected at agrichemical facilities. However, the 
relatively low correlation coefficients suggest that 
predictions made by the indicator pesticides may be 
subject to significant error. This conclusion seems 
reasonable considering that the chemical properties, 
handling practices, volumes and concentrations 
distributed, and the time of spillage of the various 
pesticides at a facility are generally unrelated. 
However, Barnhardt et al. (1993) were able to deter­
mine stronger relationships for concentration and 
occurrence between pesticides at two agrichemical 
facilities when approximately 100 boreholes (400 soil 
samples) per site were collected. Their findings 
suggest that increased sample sizes and a modified 
sampling scheme at each facility may allow better
definition of the relationships between soil pesticide 
concentration and occurrence.
Summary
A total of 49 agrichemical facilities were sampled 
following a strategy that collected samples from four 
different depths at each of four boreholes drilled at 
the site. Some samples from each of the 49 sites 
contained detectable concentrations of pesticides. Of 
the 62 compounds analyzed for in the soil samples, 
seven were not detected. Of the 55 compounds 
detected, 20 were found in fewer than 1 % of the 
samples. The 10 pesticides most frequently detected 
were alachlor, atrazine, metolachlor, trifluralin, 
pendimethalin, cyanazine, metribuzin, metribuzin 
DA, butylate, and alpha-BHC. These pesticides were 
generally found at the greatest concentrations in the 
soil samples.
More than 90% of the 49 facilities distributed 
atrazine, alachlor, butylate, cyanazine, metolachlor, 
pendimethalin, and trifluralin during the last five 
years. Aldrin, chlordane, dieldrin, disulfoton, DDT, 
endosulfan, endrin, ethion, ethyl parathion, fenthion, 
heptachlor, methyl azinfos, PCBs, propazine, and 
toxaphene had not been used at any of the facilities 
within the last five years. Chlordane, dieldrin, and 
DDT, although not used at the facilities in recent 
years, were found in soil samples at more than one- 
third of the facilities.
Some pesticides were detected at all sampling 
depths. However, approximately 50% of all pesticide 
detections were in the fill material. Pesticides were 
detected in samples collected from 4 to 4.5 meters 
below the surface at 69% of the facilities. Because the 
water table could be at or just below this depth at 
most facilities in Illinois, there is a potential for 
groundwater contamination below these facilities.
Soil concentrations for many of the pesticides 
ranged over several orders of magnitude between 
samples collected at different facilities and even from 
the same boreholes. Approximately 24% of the 
pesticide detections occurred in a concentration 
range between the detection limit and 50 pg/kg, and 
79% of all detections were at concentrations less than 
1000 pg/kg. The greatest total concentration of 
pesticides were generally found in samples collected 
from the fill material or the site drainage way. Of the 
samples collected from the fill, 44% had total pesti­
cide concentrations exceeding 10 mg /kg whereas 
22% of the drainage way samples exceeded this 
value. At 80% of the facilities, one or more of the 
samples collected from the fill layer contained total 
pesticide concentrations exceeding 10 mg/kg. These 
results suggest that the remediation of the facilities 
will involve the cleanup of soil material that gener-
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ally will have relatively low individual pesticide 
concentrations; however, the total mass of all pesti­
cides in the material could be significant, and thus 
limit the technologies which could be implemented 
to remediate the site.
Non-parametric correlation analyses using 
Spearman rank and Kendall Tau tests suggested that 
the use of indicator pesticides to predict the concen­
tration or presence of other pesticides in soil collected 
at agrichemical facilities may be possible but these 
predictions may be subject to significant error. There 
was no relationship between the number of pesti­
cides detected at a site and the age or size (area) of 
the site. The age and size of facilities are not viable 
criteria by which to prioritize facilities for future 
remediation activities.
Sampling locations were classified according to 
functional areas, such as pesticide storage areas, 
based on site histories. Pesticides were detected at 
each functional location. This suggests that, as a 
minimum, these locations should be sampled in 
future assessments. The distribution of pesticide 
detections in soil samples collected from the surface- 
water drainage areas at an agrichemical facility were 
not significantly different than the other functional 
areas. Due to the ease of identifying surface drainage 
areas, the collection and analysis of samples from 
these areas at agrichemical facilities may provide an 
indication of which pesticides are present in the soil 
at the site. These results may then be used to select 
which pesticides to analyze during a more formal site 
assessment.
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Pesticides in Soil Materials at Agrichemical 
Facilities: What Is “Contamination”?
W. R. Roy, E. Mehnert, I. G. Krapac, and W. S. Dey
Introduction
A major issue in the remediation of retail 
agrichemical facilities in Illinois is the determination 
of remediation levels or cleanup objectives for 
pesticides in media such as surface soils, parking-lot 
fill, or the geologic deposits below the site (all 
referred to as "soil materials" in this paper). Because 
pesticides are intended to be used in the environ­
ment, it is not obvious what concentration of a given 
pesticide in soil materials could leach and result in 
significant groundwater contamination. The occur­
rence and distribution of pesticides in soil materials 
at agrichemical facilities (summarized in Krapac et al. 
1993) were analyzed in this study using various 
definitions of "contamination," including health- 
based criteria, pesticide application-rate equivalents 
(ARE), and hazardous-waste criteria.
Current Regulatory Definitions of 
Contamination in Illinois
The Illinois Environmental Protection Agency 
(IEPA 1991) applies soil cleanup objectives in reme­
dial activities at agrichemical facilities (Table 1). A 
cleanup objective is not a "standard" in the formal 
regulatory sense, and may be redefined on the basis 
of site-specific circumstances. The cleanup objectives 
for soil materials depend on the depth of the pesti­
cide-containing material and the characteristics of the 
underlying aquifer. For surficial soils within the 
confines of an agrichemical facility, ARE have been 
used as cleanup objectives. Cleanup objectives for 
subsurface materials (deeper than 6 inches) were 
derived from groundwater cleanup objectives 
developed by the U.S. EPA.
Leachable Pesticide as a Definition of 
Contamination
The adsorption of some pesticides from solution 
by soil materials may not be completely reversible;
that is, the amount of chemical released by the soil 
matrix through leaching is less than the amount 
initially adsorbed. Once adsorbed, some pesticides 
may react further with clay surfaces to become 
covalently and irreversibly bound, while others may 
become physically trapped in the soil matrix 
(Koskinen and Harper 1990). This bound portion 
may not easily leach into groundwater and, as the 
residue ages, its leachability may decrease. Pignatello 
and Huang (1991) found that the "age" of atrazine 
residues in field soil samples controlled the extent of 
reversibility; the labile fraction decreased with time. 
Also, chemical reactions may alter the form of the 
pesticide. For example, the lack of atrazine release 
may be the result of surface catalysis of atrazine to 
hydroxyatrazine, which is more tightly bound than 
the parent compound (Snelling et al. 1969; Dao and 
Lavy 1978; Koskinen and Cheng 1982; Clay et al. 
1988; and Roy and Krapac 1994).
A procedure in which the pesticide content of 
soil is determined by an organic-solvent extraction 
(i.e., the total matrix concentration) may be too 
extreme to accurately predict the amount of the 
chemical that may ultimately leach into groundwa­
ter. To investigate this expectation, a first generation 
screening procedure named the Pesticide Extraction 
Procedure (PEP) was developed and tested. The PEP 
is a water-based laboratory extraction in which a 1:4 
solid-to-liquid slurry is mixed for 48 hours. The 
water-soluble fraction of the chemical in the PEP 
extract could be an operational definition of the 
amount of pesticide that is available for transport to 
groundwater.
The PEP was applied, on the basis of soil charac­
terization data given in Krapac et al. (1993), to 100 
soil samples that were known to contain either 
alachlor, atrazine, cyanazine, or metolachlor, or 
combinations of these four chemicals. Two 
agrichemical facilities, designated as Sites 23 and 28, 
represented extremes in terms of geology and
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Table 1. Summary of the IEPA soil cleanup objectives and ARE derived from chemical-use data (pg/kg)
Chem ical IE P A  O bjectives1 R an ge in A R E 4 based 
on chem ical-use data
Subsurface soil Soil
Class 1 Class 2 <  2 % O M 2 >  2 %  O M 3
A lachlor 2 10 1,000 2,000 1,540 - 2 ,820
A trazine 3 15 1,000 1,500 450 - 1 ,650
Butylate 350 350 2,000 3,000 2 ,580  - 3 ,010
Chlorpyrifos 420 500/1,500 500 1,500 1,080 - 1 ,270
Cyanazine 14 14 1,500 2 ,400 1,260 - 2 ,520
E P T C - - - - 3 ,250  - 4 ,410
M etolach lor 1 ,050 1,050 1,000 1,500 1,500 - 2 ,430
M etribuzin 175 175 190 250 210 - 460
Pendim ethalin 750/1,000 750/1,000 750 1,000 710  - 1 ,070
Sim azine - - - - 1 ,010
Trifluralin 250/500 250/500 250 500 320  - 890
MEPA (1 9 9 1 ) soil cleanup objectives for parking-lot gravel packs, and subsurface geologic m aterials over class 1 and 2  groundwater, 
and surface soil on site.
2A pplication rate equivalents (A R E ) for soils with an organic-m atter content o f <, 2 %  (IE P A , 1991).
A p p lica tio n  rate equivalents (A R E ) for soils with an organic-m atter content that is greater than 2 %  (IE P A , 1991).
“T he lowest and highest A R E  used in Illinois for corn, soybeans, or sorghum, based on the lowest chem ical application report given in 
Pike et al. (1 9 9 1 ) or Illinois A gricultural Statistics Service (1991). E ach  A R E  was calcu lated as
(total pounds active ingredient (a.i.)/total acres treated ) x (1 acre  3-inch slice/1 x 106 lbs/acre) x 109 =  pg a.i./kg soil.
hydrogeology (see Barnhardt et al. 1993). The specific 
location of the sites is confidential. Site 23 is under­
lain by late Wisconsinan sand and gravel outwash. 
The aquifer material is at or near land surface and 
consists of highly permeable sands. Site 28 is under­
lain by late Wisconsinan glacial till that is covered 
with a thin layer of loess. The aquifer material is 
more than 15 m (50 feet) below land surface, and the 
overlying geologic materials are fine-textured, low 
permeability glacial tills. A total of 50 samples were 
collected from each site. Materials sampled included 
the gravel or fill material to a maximum depth of 60 
cm (24 inches), designated as the F layer, and materi­
als at depths up to 50 cm (20 inches) below the base 
of the gravel fill material, 0.50 to 1.00 m (20-40 
inches) below the gravel layer, and 4.0 to 4.5 m (13 to 
15 feet) below the present ground surface, designated 
as layers Si, S2, and S3, respectively.
Of the 100 samples, 52 were of material from the 
F-layer, 24 from the Si layer, 14 from the S2 layer, and
10 from the S3 layer. The PEP results for the four 
layers are summarized in Table 2. When the pesticide 
concentrations in both the PEP extract and soil matrix 
of the F-layer materials could be quantified, about 
22% of the alachlor in the matrix appeared in the PEP 
extract. Likewise for atrazine, cyanazine, and 
metolachlor, less than half of each chemical in the soil 
matrix appeared to be readily soluble under the 
conditions of the PEP. Similarly, about half of the 
matrix concentrations of the pesticides in the Si, S2, 
and S3 layers occurred in the PEP extracts.
In some cases, the pesticide was detected in the 
soil, but it was not detected in the PEP extracts. For 
example, five samples of the F layer contained 
alachlor, but the pesticide was not detected in the 
PEP extract. One F-layer sample contained 2,680 pg/ 
kg alachlor, but the concentration of alachlor in the 
extract was less than 0.34 pg/L. Of the 24 samples of 
the Si-layer material, 21 contained metolachlor, but 
the metolachlor concentrations in the PEP extracts of
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Table 2. Summary of PEP data for eight pesticides
Layer %  in P E P  
extract1
no. o f 
sam ples2
P E P  extracts less 
than detection  
limit3
A lachlor F 22  +  13 41 5
Si 14, 14, 31, 
116
4 13
s2 41 ±  12 4 6
s3 51 +  16 6 2
A trazine F 40 +  27 43 4
Si 22  +  16 7 10
S 2 69 +  19 4 5
s3 55 +  18 4 1
Butylate F 25 +  13 9 21
Cyanazine F 38 +  21 35 8
Si N D 4 0 10
s2 ND 0 3
s3 ND 0 1
M etolach lor F 3 8 + 2 2 44 5
Si 32 +  10 6 14
s2 44 +  27 8 4
s3 39 +  9 5 3
M etribuzin F 38 +  12 8 17
Si ND 0 1
S2 ND 0 2
s3 ND 0 0
Pendim ethalin F 20  +  24 19 27
Si 52 1 3
S2 ND 0 3
s3 ND 0 2
Trifluralin F 8 +  16 8 42
1 Calculated as the ratio  o f pesticide in the P E P  extract to that in the soil matrix as determ ined by standard organic-solvent extraction.
2 Num ber o f sam ples in which the concentrations o f  the pesticide in the soil matrix and the P E P  extract w ere both quantifiable.
3 F o r soil sam ples which contained the pesticide; "clean" sam ples w ere not included in this column.
4 No data.
14 of the 21 samples were below analytical detection 
limits (< 0.68 pg/L). The metolachlor content of the 
14 samples ranged from 39 to 572 pg/kg. A sample of 
the Si layer contained 60,000 pg/kg alachlor, 54 pg/
kg atrazine, and 900 pg/kg cyanazine. None of the 
pesticides, however, was above detection limits in 
the PEP extract. Of the 50 samples of the F-layer 
material that contained trifluralin, 42 of the corre-
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sponding PEP extracts contained no detectable (<19 
jig/kg) concentrations of trifluralin.
The PEP results indicated that either portions of 
the pesticides were irreversibly bound by the soil 
matrix, or that the rate of pesticide release from the 
soil into the liquid phase was much slower than the 
48 hour contact time prescribed in the method. The 
application of the PEP has the potential to define 
"contamination." If the PEP-soluble fraction of 
pesticides is used as a definition of contamination, 
the volume of material classified as requiring 
remediation at an agrichemical site may be reduced 
when compared to soil assessments based on or­
ganic-solvent extractions.
Hazardous Waste Criteria as a Definition of 
Contamination
The unconsolidated materials at agrichemical 
facilities could be classified as hazardous wastes if 
certain chemicals are present. When the concentra­
tion of any certain constituents in an extract gener­
ated by the United States EPA's Toxicity Characteris­
tic Leaching Procedure (TCLP) (United States EPA 
1990) is greater than its corresponding regulatory 
level, the solid waste may be classified as a hazard­
ous waste. The TCLP was applied to one soil sample 
collected at each of 49 sites. Of the 49 samples, 25 of 
the samples were of F-layer material. The TCLP 
extracts were analyzed for 2,4-D, silvex, lindane, 
chlordane, endrin, heptachlor, heptachlor epoxide, 
methoxychlor, and toxaphene. The extracts were not 
analyzed for chlorinated hydrocarbons nor for 
metals.
Only four of the regulated pesticides (endrin, 
chlordane, toxaphene, and methoxychlor) were 
detected in soil samples collected during the 50 site 
study (see Krapac et al. 1993). Other than 2,4-D, none 
of the regulated chemicals were present in the TCLP 
extracts at concentrations above detection limits. The 
compound 2,4-D was detected in three TCLP ex­
tracts, but only at concentrations less than the 
regulatory limit of 10,000 pg/L. These results sug­
gested that the pesticide contaminated soils at 
agrichemical facilities would generally not be subject 
to hazardous waste criteria, based on the concentra­
tions of regulated pesticides in TCLP extracts. Hence, 
hazardous waste criteria might not be applicable as a 
definition of "contamination."
The Fate and Transport of Pesticides as a 
Definition of Contamination
Transport modeling was used to illustrate 
concepts that could be implemented in the develop­
ment of soil cleanup objectives for contaminated soils 
at agrichemical facilities. The movement of pesticides
from the surface to groundwater was simulated at 
Sites 23 and 28 using a two-dimensional, saturated 
groundwater flow and contaminant transport code 
called MOC (Konikow and Bredehoeft 1978; Goode 
and Konikow 1989). Transport modeling was used to 
estimate the soil concentrations of atrazine and 
alachlor at the two sites that would result in ground­
water concentrations in excess of IEPA groundwater 
cleanup objectives directly below the site and at a 
point approximately 40 m (131 feet) from the pesti­
cide source. In other words, MOC was used to "back 
calculate" order-of-magnitude concentrations, which 
were interpreted in terms of soil concentrations to 
yield modeling-based cleanup objectives. The 40-m 
distance was derived by converting the area of each 
of the 49 sites into a circle of equivalent area. The 
average radius of the 49 circles was about 40 m.
The source of pesticide in the soil was assumed 
to be available to leach at a constant concentration. In 
other words, despite constant leaching, the source 
concentration did not diminish with time. Also, the 
pesticides were not allowed to biodegrade during 
transport. It is known that most pesticides degrade 
by chemical and biological reactions in surface soils, 
but the rates by which these reactions occur at high 
concentrations (such as those in the fill material) are 
unknown. Because of this paucity of data, the chemi­
cals were treated as stable constituents to impose a 
worst case scenario. The adsorption of the pesticides 
was included in the modeling, and was assumed to 
be reversible. Adsorption constants were calculated 
using the organic carbon-water partition coefficient 
of each chemical considered, and the organic carbon 
data were determined from soil-core samples col­
lected at each site.
In essence, the conceptual model used in the 
modeling was a long, thin box and pesticides were 
added through a hole at the top. The box was filled 
with a porous medium (such as glacial till or sand), 
and it was saturated with water that passed through 
the box. The conceptual model did not include a 
vadose zone. The model was two dimensional, with 
42 nodes in the x direction and 13 nodes in the y 
direction. The aquifer or zone of horizontal transport 
was 1.0 m (3.3 feet) thick. The direction of groundwa­
ter flow was in response to fixed-head boundary 
conditions. The pesticide was introduced into the 
aquifer via leaching from the ground surface. Once 
the pesticide was leached, the concentration within 
the aquifer was computed, assuming that the pesti­
cide was completely mixed vertically.
The data in Table 3 were used as input to the 
model. Saturated hydraulic conductivity and hydrau­
lic gradient were measured at each site (Barnhardt et 
al. 1993). The other parameters were estimated. The 
model was run until the concentrations in the aquifer
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Table 3. Summary of the hydrogeoiogic and
geochemical data used with the model
Parameter Site 23 Site 28
Saturated hydraulic 
Conductivity (cm/s)
3.3 x 10-2 10"6 and 
5 x 10-5
Flydraulic gradient (-) 0.003 0.009
Aquifer thickness (m) 1.0 1.0
Recharge rate (m/sec) 4.82 x 10-9 1.61 x 10-9
Dispersivity, longitudinal 1.0 (del x) 1.0 (del x)
Dispersivity, lateral 0.1 (del x) 0.1 (del x)
Bulk density (g/cm3) 1.6 1.6
Porosity (cm3/cm3) 0.30 0.01 and 0.30
reached a steady state with respect to pesticide 
concentration. The assumptions that were made for 
the modeling effort are summarized in Table 4.
The recharge rate can impact the mass trans­
ported into the aquifer because the mass is intro­
duced via recharge. A recharge rate of 2 in/yr for Site 
23, and 6 in/yr for Site 28 were used. These recharge 
rates were of the same order of magnitude as pub­
lished estimates of recharge near each site. To avoid 
revealing the locations of Sites 23 and 28, these 
references cannot be given in this document. In 
addition, about 10% of the annual precipitation in 
Illinois enters the groundwater system (Berg et al. 
1984). We assumed that 16% infiltration character­
ized the sandy soils at Site 23 and that 5.3% was a 
reasonable estimate for the less permeable materials 
at Site 28.
Transport of 
atrazine at Site 23
portion of the site was believed to provide the 
greatest potential for groundwater contamina­
tion. Therefore, the modeling focused on the 
western portion of the site. The lowest organic 
carbon content of samples collected 4.0 to 4.5 m 
below the surface at Site 23 was 0.1% (Roy et al. 
1993); this value was used in the modeling. The 
soil in an area, 62.3 m x 49.8 m (204.4 x 163.4 
feet), was assumed to contain 342 pg/kg atra­
zine. This area corresponded to that where 
atrazine was continuously distributed at Site 23 
(Barnhardt et al. 1993). The 342-pg/kg value was 
the arithmetic mean concentration of all of the 
surface samples collected at Site 23. Using the 
convention for pesticide release that was pro­
posed by the IEPA (IEPA 1991), we assumed 
that 342 pg/kg would yield 342 pg/L in solu­
tion. Three relatively concentrated areas of 
140,000,134,000, and 90,000 pg/kg of atrazine 
were also present at the site, and these were 
used in a portion of the modeling. The axis of 
groundwater flow in the conceptual model (NNE- 
SSW) was the same as that measured in the field. 
Four model runs were made to study the significance 
of the sources, i.e., both without and with a hot spot. 
For this series of modeling runs, the model simulated 
six years of leaching and transport until the atrazine 
concentrations in the aquifer reached steady state.
The predicted concentrations in the average 
concentration scenario are shown in Figure 2. The 
modeling indicated that a large area of the aquifer 
would contain atrazine in excess of 10 pg/L, which 
would be greater than the Class 1 Groundwater 
objective of 3 pg/L. The maximum concentration of 
atrazine detected in groundwater at this site, how­
ever, was approximately 5 pg/L (Goetsch et al. 1993). 
This concentration indicated that the modeling was 
too conservative to match the observed field data. A
Atrazine transport 
at Site 23 was modeled 
(Figure 1) using soil- 
pesticide concentration 
data summarized in 
Krapac et al. (1993) and 
geologic conditions 
described in Barnhardt 
et al. (1993). On the 
basis of the measured 
direction of groundwa­
ter flow and known 
surface contamination 
at Site 23, the source 
area in the western
Table 4. Summary of the assumptions used with the model
The subsurface materials were isotropic, homogeneous, isothermic, and 
isobaric.
The rate of groundwater movement was constant.
The vertical mixing in the 1-m aquifer was 100% efficient.
The source of the pesticide did not diminish.
The pesticides did not degrade.
Adsorption was reversible, conformed to a linear isotherm, and controlled by 
organic carbon. The soil organic carbon/water partition coefficient (K^) for 
atrazine was 107 L/kg, and for alachlor, K^c =161 L/kg (Gustafson, 1989).
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Figure 1. Plan view of the conceptual model for Site 23. The area is 510 
m long by 149 m wide. The modeled area was 42 x 13 nodes, 
and the distance between the nodes was 12.34 m
1,13 42,13
groundwater
flow
1,1
no How boundary
IYiYiYiYiYm
constant head boundary 
average concentration source 
hot spots 
m onitoring points
26,7
29,7
42,1
1,13 node num ber
number of physicochemical 
processes, such as degrada­
tion in the aquifer, adsorp­
tion, and/or degradation as 
the contaminant leaches 
from the surface to the 
aquifer, or dilution in a 
thicker (>1 m) aquifer were 
ignored in the modeling, 
but they may be responsible 
for the lower aquifer 
concentrations.
The predicted concen­
trations in the hot spot 
scenario are shown in 
Figure 3. The modeling 
indicated that a large area of 
the aquifer would have a 
concentration of atrazine 
greater than 1,000 qg/L.
Again, the predicted results 
were three orders of magni­
tude greater in concentra­
tion than those measured in 
the field (Goetsch et al.
1993). Finally, the predicted 
concentrations resulting 
from both the average 
concentration and hot spot contamination are shown 
in Figure 4; the concentrations were dominated by 
the hot spot sources.
Estimated soil concentrations to exceed 
groundwater objectives at Site 23
Table 5 shows the maximum groundwater 
concentrations of atrazine and alachlor permissible in 
Class 1 groundwater, and the corresponding concen­
trations of the two pesticides at the surface. The 
modeling suggested that relatively low soil concen­
trations of either atrazine or alachlor (< 10 qg/kg) 
would result in downgradient concentrations that 
would be in excess of the IEPA objectives for Class 1 
groundwater. Although the modeling was conserva­
tive, these results suggested that relatively low 
concentrations for soil cleanup objectives, such as the 
IEPA criteria, may be necessary to protect groundwa­
ter quality at Site 23.
Figure 2. Predicted distribution of atrazine after 6 years at Site 23 based on an average concentration 
scenario. The contour interval is 20 qg/L.
6 82 158 234 310 386 462
X (m)
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Figure 3. Predicted distribution of atrazine after 6 years at Site 23 based on a hot spot-only scenario. 
The contour interval is 200 pg/L.
6 82 158 234 310 386 462
X (m)
Figure 4. Predicted distribution of atrazine at Site 23 resulting from both an average concentration and 
hot spot scenario.
6 82 1 58 234 310 386 462
X (m)
Table 5. Predicted concentrations of atrazine and
alachlor at the surface at Site 23 that would 
yield downgradient concentrations equal to the 
Class 1 groundwater objectives.
Pesticide Concentration 
(pg/kg) 
at surface
Concentration
(Pg/L)
below source
Concentration 
(Pg/L) 
at 37.4 m
Atrazine 8.8 4.1 3.0
Atrazine 6.4 3.0 2.2
Alachlor 6.0 2.7 2.0
Alachlor 4.4 2.0 1.4
Transport of atrazine at Site 28
The central portion of Site 28 was 
modeled because the atrazine concentra­
tions were highest in this location 
(Barnhardt et al. 1993). An average soil 
concentration of 485 pg/kg of atrazine in an 
87.2 m x 49.8 m (286 feet x 163 feet) area 
was used in the modeling. This average 
concentration was based on all of the 
surface samples collected at Site 28. As in 
modeling Site 23, it was assumed that 485 
pg/kg yielded 485 pg/L in the soil-pore 
water. Three hot spots containing 17,211,
9,300, and 4,530 pg/kg of atrazine were also 
observed at the site. The impact of these 
high concentration areas on groundwater 
quality was also evaluated. The basic conceptual 
model (Figure 5) and the assumptions for this set of 
model runs were the same as those used for Site 23.
Groundwater flow was from NNE to SSW; hence, the 
modeled flow was oriented parallel to the NNE-SSW 
axis. Based on field measurements, the saturated
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Figure 5. Conceptual model for Site 28.
1,1 42,1
no flow  boundary 
constant head boundary 
average concentration source 
hot spots 
m onitoring points
1,13 node num ber
hydraulic conductivity 
was 1 x l O6 cm/ sec 
(Barnhardt et al. 1993). In 
addition, the organic 
content was assumed to be 
0.4%, based on samples 
collected from the satu­
rated zone at the site (Roy 
et al. 1993). To account for 
the possible presence of 
fractures and/or sand 
lenses within the till, 
modeling was also con­
ducted assuming a satu­
rated hydraulic conductiv­
ity of 5 x 10"5 cm/sec.
Herzog and Morse (1986) 
showed that the hydraulic 
conductivity measured in 
wells drilled 45° from 
vertical was 1.1 to 5.3 
times greater than the 
hydraulic conductivity for 
vertical wells in the same 
materials. Thus, increasing 
the hydraulic conductivity 
in this study by a factor of 50 was conservative.
When the hydraulic conductivity was increased by a 
factor of 50, the effective porosity was also decreased 
from 0.30 to 0.01 to reflect flow through a reduced 
volume of geologic material. In addition, this model­
ing approach was conservative in terms of mass 
transport because it did not account for diffusion of a 
contaminant from the "fractures" to the bulk matrix. 
Grisak and Pickens (1980) and Sudicky and Frind 
(1982) described the significant retarding effect of 
matrix diffusion on contaminant transport.
Our original estimate of recharge at this site (2 
in/yr) was revised because this recharge rate re­
sulted in a simulated groundwater mound that was 
15 m (50 feet) high beneath the site. This type of 
groundwater mounding was not realistic because the 
water would run off this site before such a mound 
could be created. The recharge rate was, therefore, 
set at the highest possible rate that did not result in a 
groundwater mound. For model runs using a hy­
draulic conductivity of 1 x 10'6 cm/sec, the recharge 
rate was set at 9.54 x 10‘5 in/yr; for runs using a 
conductivity of 5 x 10 5 cm/sec, a rate of 4.77 x 103 
in/yr was used.
Four model runs were made to study the signifi­
cance of pesticide sources on groundwater quality. 
For this set of model runs, a period of 15 years was 
simulated, and the results are shown in Table 6. In 
the first two simulations (1 and 2), very little of the 
atrazine was predicted to be in the groundwater. A
groundwater concentration of <0.05 pg/L was 
predicted directly beneath the source in the average 
concentration scenario. In a hot spot scenario with 
the higher hydraulic conductivity, the maximum 
concentration predicted was 1 pg/L, which was 
beneath the hot spot that had a soil concentration of 
17,210 pg/kg. In the last two simulations (3 and 4), 
the recharge rate was increased by a factor of 50 and 
the effective porosity was reduced from 0.30 to 0.01. 
These changes allowed more atrazine to move into 
the groundwater (Table 6). The results presented 
here were for a time frame of 15 years; however, 
concentrations of atrazine in groundwater will 
continue to increase until a steady state is reached in 
about 150 years.
Estimated soil concentrations to exceed 
groundwater objectives at Site 28
The soil concentrations were estimated, using the 
average contamination scenario (485 pg/kg) de­
scribed above, for both hydrogeologic conditions 
described above and for two locations—directly 
beneath the source and 37.4 m downgradient of the 
source. The model simulated 15 years of flow and 
transport to estimate the soil concentration to meet 
the groundwater standard beneath the source and 50 
years to meet the groundwater standard 37.4 m 
downgradient from the source. The soil concentra­
tions are reported in Table 7.
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Table 6. Impact of hydraulic conductivity and source type on the 
concentration of atrazine in groundwater at Site 28.
Simulation Hydraulic
conductivity
(cm/sec)
Scenario Concentration 
at 37.4 m
Og/L)
Maximum 
concentration 
below source 
Og/L)
1 1 x 10^ average <0.05 <0.05
2 5 x 10-5 hot spots <0.05 1.0
3 1 x 10^ average <0.05 1.2
4 5 x IQ5 hot spots 1.2 35
'See Figure 5 to relate these nodal locations to locations of sources of atrazine.
The predicted soil concentra­
tions of both atrazine and 
alachlor that resulted in ground­
water concentrations equal to 
Class 1 groundwater objectives 
were of the same order of 
magnitude or greater than the 
ARE for the pesticides given in 
Table 1. As expected, a higher 
soil concentration of both 
alachlor and atrazine was 
predicted for the case with lower 
hydraulic conductivity. When 
the lower hydraulic conductivity 
was used, the recharge rate was 
also lower; therefore, less 
pesticide was leached from the 
surface to groundwater. Of 
course, when the groundwater objective is applied 
some distance from the source, the source or soil 
concentration can be increased.
This set of model runs showed that the processes 
of recharge, adsorption, and dilution within the 
aquifer can lead to significantly lower groundwater 
concentrations of pesticides. The lowest soil concen­
trations given in Table 7 were still greater than 
IEPA's lowest ARE (Table 1). These results also show 
the need to carefully characterize the parameters 
describing recharge, adsorption, and dilution at an 
agrichemical facility to assess accurately the impact 
of soil pesticide contamination on groundwater 
quality.
Implications of the Modeling
McKenna and Keefer (1991) used statewide 
geologic mapping to identify regions with aquifers 
vulnerable to contamination by nonpoint sources of 
agricultural chemicals. The basic tenet of the map­
ping criterion is that as the thickness of fine-grained 
surficial materials increases, there is a greater poten­
tial for attenuation of a pesticide by adsorption, 
degradation, or dilution before it reaches an underly­
ing aquifer. McKenna and Keefer (1991) derived four 
units of contamination potential on a statewide map, 
viz.,
• Highest potential (A areas). Areas where the 
top of the uppermost aquifer material lies 
within 5 feet of ground surface.
• Second level (B areas). Areas where the top of 
the uppermost aquifer material lies between 
5 and 20 feet below ground surface.
• Third level (C areas). Areas where the top of 
the uppermost aquifer materials is between 
20 and 50 feet of ground surface.
• Lowest potential (D areas). Areas with no 
aquifer materials within 50 feet of the ground 
surface.
McKenna and Keefer (1991) explained that the 
scale of their map was appropriate for use in target­
ing education and technical assistance programs, and 
for designing regional groundwater monitoring 
programs, but it was not adequate for regulating the 
use of agricultural chemicals on specific fields.
Krapac et al. (1993) used the map to identify the 
hydrogeologic setting of each of 49 sites in their 
study in terms of aquifer vulnerability. The classifica­
tion of agrichemical facilities according to the map of 
McKenna and Keefer (1991) must be regarded as a 
first approximation in assigning soil cleanup priori­
ties without site-specific information such as that 
available for Sites 23 and 28.
Site 23 is in an area where the uppermost aquifer 
is relatively vulnerable to contamination; the facility 
is in an "A area" on the contamination potential map 
of McKenna and Keefer (1991). Of the 49 facilities, 11 
appear to be in A areas. Depending on the accuracy 
of the map, operational practices at each site, and the 
extent and type of soil contamination present, low 
soil-cleanup objectives (such as the IEPA soil cleanup 
objectives) may be needed for these facilities.
Site 28 was classified as being in a "D area," 
where the potential for groundwater contamination 
from surface sources is low because of the depth to 
the uppermost continuous aquifer material. These 
areas represent more than 60% of rural Illinois 
(McKenna and Keefer 1991). Twenty-three of the 49 
sites appear to be in D areas of the map of McKenna 
and Keefer (1991). As discussed above, modeling 
suggested that the remediation of soil at Site 28 may 
be conducted with relatively high cleanup objectives 
for atrazine and alachlor. Depending on the accuracy
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Table 7. Predicted soil concentrations of atrazine and alachlor at Site 28 and the 
corresponding predicted concentrations in groundwater.
Compound Hydraulic
conductivity
(cm/sec)
Simulation
length
(years)
Soil
concentration
Og/kg)
Concentration 
beneath source 
Og/L)
Concentration 
at 37.4 m 
Og/L)
Atrazine 1 x 10-6 15 81,000 3.0 0
Atrazine 5 x 10-5 15 1,200 3.0 0
Atrazine 5 x 10-5 50 31,000 230 3.0
Alachlor 1 x 10-6 15 74,000 2.0 0
Alachlor 5 x 10-5 15 1,710 2.0 0
Alachlor 5 x 10-5 50 283,000 1,450 2.0
of the map, operational practices of the facility, and 
the characteristics of the soil contamination, it may be 
that the remediation of sites in D areas could be 
conducted using concentrations on the order of ARE 
as soil-cleanup objectives for atrazine and alachlor.
Summary and Conclusions
Pesticide Extraction Procedure (PEP) studies 
indicated that a portion of some of the pesticides 
present in soil samples was not readily soluble under 
the conditions of the PEP. PEP-leachable pesticide 
could serve as an operational definition of "contami­
nation." The application of the PEP has the potential 
to identify samples that contain readily soluble 
pesticides.
It did not appear that the soil materials at 49 
agrichemical facilities would be subject to hazardous 
waste regulations based on the United States EPA's 
Toxicity Characteristic Leaching Procedure (TCLP). 
The presence of other regulated chemicals in the 
TCLP extracts, such as chlorinated hydrocarbons or 
heavy metals, was not determined.
Transport modeling of atrazine and alachlor, 
conducted under environmentally conservative 
conditions, suggested that relatively low surface-soil 
concentrations of alachlor and atrazine could result 
in significant groundwater contamination at Site 23. 
Hence, the modeling suggested that remediation of 
Site 23 may require the application of relatively low 
cleanup objectives, such as the IEPA soil objectives 
for atrazine and alachlor. Modeling also suggested 
that remediation of soil at Site 28 may be conducted 
with relatively higher cleanup objectives on the order 
of ARE.
The best definition of pesticide contamination of 
road fill and subsurface materials at agrichemical 
facilities may be site specific. Cleanup objectives
should reflect the geology and hydrogeology of a 
site, and the fate and transport of the pesticides to 
groundwater. The results from this study provide a 
foundation for future modeling with more detailed 
and realistic input parameters that could be used to 
develop soil-cleanup objectives.
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Site Assessments and Remediation Alternatives
for Agrichemical Facilities
Michael L. Barnhardt, William R. Roy, Ivan G. Krapac, Beverly L. Herzog, 
Matthew H. Riggs, and Charles A. Smyth
Introduction
The costs of drilling, sampling, and chemical 
laboratory analysis in environmental property audits 
(site assessments) of retail agrichemical facilities can 
be very high, placing considerable responsibility on 
the environmental consulting companies to econo­
mize without decreasing the scientific reliability of 
their assessments. Considerable differences exist 
between companies in procedures for selecting 
borehole locations, soil sampling in the field, and 
laboratory processing of samples. A lack of attention 
to any of these components can compromise the 
integrity of the analytical results and the design or 
evaluation of any subsequent mitigation activities. 
This paper summarizes the results of an effort to 
evaluate the adequacy of phase 1 environmental 
property audits in determining the extent of contami­
nation in sediments at agrichemical facilities. In this 
paper, the terms "soil" and "sediment" are used 
synonymously with all unconsolidated geologic 
materials, such as glacial till and outwash sand, 
unless specified otherwise, and include the modern 
soil that is developing in the surficial materials.
Specifically, this paper summarizes results of 
measurements of the vertical and horizontal distribu­
tion of agricultural chemicals within geologic materi­
als at two facilities in Illinois designated as Sites 23 
and 28. The geology and hydrogeology of the two 
sites suggest different potentials for the aquifer 
below each site to become contaminated with pesti­
cides resulting from their use at the facilities. A 
detailed understanding of the spatial variability of 
pesticide occurrence at these two sites may assist in 
developing standard sampling and analytical proce­
dures that will help make more cost effective mitiga­
tion decisions possible.
Habecker (1989) and Krapac et al. (1993) identi­
fied various common locations at agrichemical 
facilities in Wisconsin and Illinois, respectively, such
as loading and mixing areas, equipment washing and 
repair sites, and storage locations, as areas most 
likely to be contaminated with chemicals. Although 
these are obvious locations for sampling during site 
assessments, there is a need to better understand the 
distribution of pesticides in sediments at 
agrichemical facilities. This paper summarizes our 
efforts to address the procedures and costs associated 
with the sampling of soils as part of a site assess­
ment. Specifically, we asked the following questions: 
(1) Is there an optimum (or minimum) number of 
locations that must be sampled in order to achieve an 
acceptable level of confidence that all significant 
areas of contamination have been found? and (2) Is 
there a pattern to pesticide contamination that can be 
identified and used to develop improved sampling 
procedures?
This paper illustrates the variability in the 
horizontal and vertical distribution of pesticides and 
their concentrations at Sites 23 and 28, and the effect 
this variability had on the success of detecting 
contaminated areas (hot spots). This was accom­
plished by comparing the soil pesticide concentra­
tions in samples collected from the four boreholes 
drilled by a contractor at each of the two sites with 
similar data from approximately 100 boreholes per 
site drilled for this study utilizing a sampling grid 
described later. Soil samples were collected from four 
depths: surface fill material (F-layer); 0-50 centime­
ters (cm) below fill layer (Si-layer); 50-100 cm below 
fill layer (S2-layer); and 400-450 cm below land 
surface (S3-layer). An additional five to six borehole 
locations were selected by the contractor as locations 
that would be sampled if the initial four borehole 
project was expanded. Although these borings were 
not made, the analytical data from the closest bore­
holes drilled utilizing the sampling grid technique 
were used to evaluate the success of detecting hot 
spots.
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Geologic Characterization of the Two Sites
Sources of Data
Systematic, high-density sampling provided an 
opportunity to characterize the geologic materials at 
each study site to a depth of 4.5 meters (m). Toward 
the end of the drilling and sampling phase at each 
site, additional 6 meter deep boreholes were drilled 
(three at Site 23 and two at Site 28) to collect samples 
for later analysis of particle size, organic carbon, pH, 
bulk density, and description of geologic materials. 
These additional cores complemented those taken 
from a 12 meter deep boring that was initially drilled 
at each site. Geologic cross-sections constructed 
using drilling-log data collected from the 100 bore­
holes and seven monitoring wells that were installed 
at each site assisted in interpreting the chemical and 
hydraulic data.
Site 23
Site 23 is located in an area where the aquifer 
material (highly-permeable sand) is at land surface. 
The sand content of the surface materials is generally 
greater than 70%, and the clay content is less than 7% 
(loamy sand and sandy loam), except where thin, 
discontinuous clay and/or silt bands occur and the 
silt/clay content exceeds 30% (sandy loam and 
loam). Rapid vertical and horizontal groundwater 
movement can be expected at this site, although 
water frequently ponds in low-lying locations due to 
compaction by vehicular traffic and accumulations of 
silt and clay deposited by runoff.
Site 28
Site 28 is located in an area where the aquifer 
material is more than 15 meters below land surface 
and the overlying non-aquifer geologic materials are 
primarily fine-textured, low permeability diamictons 
(glacial tills). Textures range from silt loam to silty 
clay loam to clay loam, with sand content generally 
being less than 25% and clay content being about 
22%. Occasional thin, discontinuous sand lenses and 
inclusions occur and some till fracturing is evident at 
the deepest sampling depth (4.5 m). Thin layers of 
clay and silt coat the fracture planes indicating that 
preferential flow through these macropores has 
occurred and may be an avenue for rapid vertical or 
lateral transport of agricultural chemicals. The 
fracturing is predominantly vertical and is character­
ized by 3 to 5 mm-wide zones paralleling the fracture 
that are chemically reduced.
Common Characteristics
Most of the fill (F-layer) at the two facilities 
consists of crushed limestone (5 cm in diameter), and 
an underlying/intermixed sandy matrix of limestone
fragments and in situ sediments. The fill ranges from 
a thin layer (one stone-diameter thick) that is com­
pressed into the underlying soil, to a layer of mainly 
sand-sized material (>75%) that is more than 30 cm 
thick. The fill layer is not continuous over either 
facility.
Hydrologic Characterization of the Two Sites
Initially, four 6-m deep monitoring wells were 
installed at each of the two study sites to assist in 
determining the direction and rate of groundwater 
movement. Additional wells ranging from 6 to 9 m in 
depth (three at Site 23; four at Site 28) were drilled 
later to monitor pesticide concentration in water 
samples collected from greater depths, and to 
increase our ability to characterize the groundwater 
flow at these sites. Measurements of water levels in 
the wells were used to determine the hydraulic 
gradient, and slug tests were performed to character­
ize the permeability of the various deposits. The 
average groundwater flow rate and direction were 
then calculated using the measured hydraulic 
conductivity and gradient data. At both facilities, the 
shape of the water table generally appears as a 
subdued version of the land surface.
Sampling Methodology
The number of monitoring wells and borings 
from which soil samples were collected at the two 
sites exceeded by at least a factor of 10 the number of 
samples commonly collected by private consultants 
when they perform phase 1 and/or phase 2 site 
assessments. The high-density sampling strategy 
used in this study was intended to define the distri­
bution of pesticides in soils at two agrichemical 
facilities as completely as possible. Using the results 
of these studies, we can begin to solve the problem of 
determining how many borings and samples are 
necessary to adequately assess the contamination at a 
facility.
A systematic sampling strategy which incorpo­
rated a grid was used to select sites for soil sampling. 
This sampling strategy was based on that developed 
by Gilbert (1987). The selection of a given grid 
spacing is a function of (1) the expected minimum 
size of the contaminated area ("hot spot") to be 
located, (2) the expected probability of intercepting 
these hot spots, (3) the desired confidence level of 
intercepting a hot spot of the selected size, and (4) the 
desired probability that a hot spot of the selected size 
actually exists when none are found using the grid 
(Gilbert 1987). In addition to the above general 
criteria for determining a grid size, this project also 
had to consider the size of the study facility. Because 
the grid must cover the entire facility, and the budget
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only allowed for approximately 100 boreholes (400 
samples) per facility, we calculated a grid spacing of 
12.64 m x 12.64 m for a facility size of approximately 
one hectare. This grid spacing was used for both 
facilities, and was based upon a 95% probability of 
locating an elliptical hot spot of 18 m x 12 m in size. 
Each grid node was then numbered, surveyed, and 
sampled (some allowances had to be made for areas 
inaccessible to the drilling rig).
Variability Within the Sampling Unit
It is common practice for environmental consult­
ants to delineate various functional areas at a facility 
and then collect a sample from each one. Although 
the attention paid to the initial delineation and 
designation of an area's function may vary depend­
ing upon its expected importance (i.e., a loading area 
may be more carefully studied than a parking area), 
this does not necessarily ensure that the area has 
been accurately characterized with respect to its 
pesticide distribution. Figures 1 and 2 illustrate the 
relationship of the four boreholes drilled by the 
consultant and the six additional boreholes that they 
would have drilled if allowed (proposed), and the 
functional areas of the facility as interpreted by the 
Illinois State Geological Survey project geologist.
Comparison of Samples from the Same 
Grid Node
Sites 23 and 28 were the only facilities selected 
for the detailed sampling phase of this project (i.e., 
the 2-Site Study, [100-boreholes/site]). They were, 
however, also 2 of 50 facilities selected for concurrent 
phase 1 site assessments (i.e., 50-Site Study, [4- 
boreholes/site] see Krapac et al. 1993). The grid 
methodology used for the detailed sampling phase 
allows for the actual sampling point to deviate from 
the node by up to one-half the grid spacing (i.e., 6.32 
m in our study) and still be considered statistically 
representative of that node. The four boreholes 
sampled during the phase 1 site assessment (as part 
of the 50-Site Study), and the additional three to four 
boreholes sampled during the installation of the 
monitoring wells at Sites 23 and 28, were not con­
trolled by the grid, and therefore, they are indepen­
dent samples that fall within the one-half grid 
spacing of a node sampled during the 2-Site Study. 
This presented an opportunity to assess the variabil­
ity in pesticide concentration and occurrence for 
those borings and their respective neighboring grid 
node borings for Sites 23 and 28. The chemical data 
from each of the six to eight supplementary, non-grid 
borings were compared to the data from the nearest 
grid point. At both sites there was a high degree of 
spatial variability in the detection of high concentra­
tions, demonstrated by the lack of within-grid 
confirmations. This is probably more important than 
the confirmations at low concentrations or no detec­
tions. An underestimation of compound mass in an 
area of high concentration could significantly affect 
the accuracy of remediation decisions.
Pesticide Detections at Sites 23 and 28
Figure 3 (Site 23) and Figure 4 (Site 28) show the 
total number of pesticide detections for each bore­
hole. One detection was recorded each time any of 
the 62 pesticides was detected at any of the four 
depths from which soil samples were taken. The 
largest number of detections from a single hole at 
Site 23 (Figure 3) was 35, and from Site 28 (Figure 4), 
was 29. These numbers, however, can be misleading, 
unless they are tabulations of detections above a 
specific soil baseline cleanup objective (e.g., proposed 
IEPA soil baseline cleanup objectives or application- 
rate equivalent (ARE) criteria), because each detec­
tion will not necessarily exceed that cleanup objec­
tive, and all possible pesticides are not necessarily 
available to be detected at each sampling point at a 
facility.
Alachlor, atrazine, and metolachlor were selected 
to illustrate the extent of contamination at these two 
sites because they were frequently detected in soil 
samples and were frequently found in high concen­
trations. For example, at Site 23,103 of 107 boreholes 
(96%) had detections for one or more of the 62 
compounds, while 88 of the 103 (85%) had detections 
for one or more of these three compounds. At Site 28, 
89 of 95 boreholes (94%) recorded detections for one 
or more of the 62 compounds, while 86 of the 89 
(97%) had detections for one or more of these three 
compounds. Figures 5 to 7 and 8 to 10 illustrate the 
distribution of alachlor, by concentration, in the 
ground surface (fill (F layer) and Si layer, where fill 
layer is not present), S2 layer, and S3 layer sampling 
depths, for Sites 23 and 28, respectively.
The distribution of pesticide was similar at the 
two sites. Approximately 83% of the concentrations 
at Sites 23 and 28 were below 1,000 pg/kg compared 
to 79% for the samples collected from the 49 facilities 
(Krapac et al. 1993). An additional 12% of the concen­
trations at Sites 23 and 28 were between 1,000-4,999 
pg/kg and the remaining 5% were above 5,000 pg/ 
kg. The soil cleanup objective for the upper 15 cm (6 
in) of soil is based upon the application rate equiva­
lent (ARE), which is 1,000 pg/kg for each of these 
compounds in soils with less than 2% organic matter 
content (IEPA 1991). Because most of the detections 
were in the surface material (i.e., the fill or the upper 
50 cm of soil [<2% organic matter content] where no 
fill was present), using the ARE is appropriate for 
our purpose. Therefore, for this discussion, detec-
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tions with concentrations of 1,000-4,999 tig/kg and 
>5,000 tig /kg were selected and classified (for this 
study) as Class I and Class II hot spots, respectively.
Figures 11 (Site 23) and 12 (Site 28) show the 
distribution of the two classes of hot spots by bore­
hole. A borehole was designated as being a Class I or 
II hot spot if any of the three compounds was de­
tected at the specified concentration at any of the 
four sampling depths. The hot spots are located in 
major traffic areas, near buildings where pesticide 
products were handled and stored, and where 
vehicles were parked and washed.
For Site 23:
Success/
% Success
4 borings (initial)
4 borings plus 1 proposed boring 
4 borings plus 2 proposed borings 
4 borings plus 3 proposed borings 
4 borings plus 4 proposed borings 
4 borings plus 5 proposed borings 
4 borings plus 6 proposed borings
1 of 4 = 25%
2 of 5 = 40%
3 of 6 = 50%
3 of 7 = 43%
4 of 8 = 50% 
4 of 9 = 44% 
4 of 10 =40%
Comparison of the 4-and 100-Borehole Results
At the two facilities, the environmental consult­
ant (contractor) selected four locations, following 
standard phase 1 environmental audit procedures, 
from which soil samples were collected from the four 
specified depths and analyzed for the suite of 62 
pesticides. The contractor was also asked to select an 
additional five to six locations, in order of impor­
tance, that they would sample if possible (see Figs. 1 
and 2). Because these additional proposed locations 
were not actually sampled, the chemical data from 
the nearest gridded sample (100-boring project; 2-Site 
Study) was assigned to that proposed boring to test 
the contractor's sampling plan.
The 100-boring project presents a more complete 
picture of the distribution of pesticide occurrences 
than does the 4-boring project because of the more 
extensive drilling and sampling plan, and because it 
is based on the statistical probability of locating a hot 
spot of a pre-specified size (18 m x 12 m for this 
study). By comparing the 4-hole and 100-hole results, 
we were able to evaluate the ability of the 4-boring 
project to locate hot spots of the selected size at the 
facility. For each facility, the chemical data from the 
initial four borings made by the contractor, plus the 
chemical data assigned to the locations of the five to 
six proposed additional borings were compared to 
the data from the nearest boring taken on the grid 
(100-boring project). One of the contractor's borings 
was considered to be successful if it located a known 
Class I or Class II hot spot (i.e., it exceeded ARE for 
surface samples or 1000 mg/kg for deeper samples).
The success of the initial four borings was 
assessed as a group, then the overall success was 
determined as each of the proposed borings was 
added incrementally. For example, the four borings 
plus three proposed borings, below, includes the four 
initial borings and the first three proposed borings 
(total of seven of which three detected hot spots for a 
success of 43%).
The success of the contractor in locating hot 
spots—25% with four samples and 40% with 10 
samples—can be evaluated by comparing the 
contractor's success with the success rate that would 
be expected, given the proportion of hot spots at the 
facility and assuming that all of the hot spots would 
be located if the contractor collected 100 samples. 
Given that 18% of the boreholes contained hot spots, 
at the 95% confidence level we would expect a 
detection rate of 0-55% using four samples and 0-41% 
using 10 samples. The contractor's success rates of 
25% for four samples and 40% for 10 samples are 
both within those limits and are not better than the 
rate of detection a random selection would produce. 
If we limit our analysis to only the fill samples (and 
include the three hot spots that occurred at boreholes 
the contractor classified as having fill), we find that 
the 19 hot spots in 48 fill locations constitute 40% of 
the population. We would expect a detection rate of 
0-87% for four samples and 11-69% for 10 samples. 
The contractor's success is well within the range 
expected from random draws. This last analysis is 
important because the contractors tend to weight 
their sampling toward fill areas, where facility 
activities are concentrated. This suggests that they 
are maximizing their opportunity to locate hot spots. 
This particular example does not support their 
methodology, even though all four of their borings 
were located in functional areas considered to be 
high priority (e.g., loading areas and burn piles). If 
we assume that pesticide occurrence in soil at these 
facilities is generally not randomly distributed, but 
rather closely related to functional area, we would 
expect the success rate to be greater than random. 
The high variability in the spatial distribution of a 
pesticide's concentration clearly affects the number 
of samples needed to adequately characterize (and 
locate) hot spots.
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For Site 28:
Success/
% Success
4 borings (initial)
4 borings plus 1 proposed boring 
4 borings plus 2 proposed borings 
4 borings plus 3 proposed borings 
4 borings plus 4 proposed borings 
4 borings plus 5 proposed borings
1 of 4 = 25% 
1 of 5 = 20% 
1 of 6 = 17%
1 of 7 = 14%
2 of 8 = 25%
3 of 9 = 33%
Overall, only 3 of the 16 (19%) known Class II hot 
spots and none (0%) of the 22 known Class I hot 
spots were located by the limited 9-boring set, 
yielding a success rate of only 8% (3 of 38). Given 
that 40% of the boreholes at Site 28 (38 of 95) con­
tained hot spots, at the 95% confidence level we 
would expect a detection rate of 0-87% using four 
samples and 10-70% using nine samples. The success 
rates for four samples (25%) and nine samples (33%) 
were not better than random. Fill was located at only 
48% of the boreholes (46 of 95) but they contained 
89% (34 of 38) of the hot spots. All four of the 
contractor's borings and all five of the proposed 
boring locations were located in fill areas. If we limit 
our analysis to only the fill samples, we find that the 
38 hot spots in the 46 fill locations constituted 83%
(38 of 46) of the population. At the 95% confidence 
level we would expect a detection rate of 46-100% for 
four samples and 59-100% for nine samples. The 
success of the contractor was less than would be 
expected if random samples had been drawn. Even 
though Site 28 had a higher percentage of borings 
recording detections than Site 23 (93.7% vs 80.4%), 
the lower level of success at Site 28 may reflect either 
the broader distribution of hot spots or, possibly, hot 
spots that were apparently smaller in size than those 
at Site 23 (Figs. 11 and 12).
Effect of Doubling the Grid Spacing
The effect of grid spacing on locating hot spots 
can be shown by doubling the size of the spacing 
(from 12.64 m to 25.28 m) by simply selecting alter­
nate nodes and analyzing those data. This reduces 
the number of boreholes per site from around 100 to 
26. The number of hot spots located at Site 23 using a 
25.28-m grid spacing (26-boreholes) decreased to 
only two of the 13 known Class I hot spots (15%) and 
two of the six (33%) known Class II hot spots for an 
overall success rate of only 21% (4 of 19). The overall 
success rate for the 26-boring grid was the same as 
that achieved by the contractor using 10 borings (four 
actual borings plus the six additional proposed 
borings). Given that 18% of the boreholes contained
hot spots, at the 95% confidence level we would 
expect a success rate of 5-31 % so the 21 % success rate 
for the 26 boring sample was no better than a ran­
dom sample would be expected to achieve. At Site 
28, only five of the 22 (23%) of the known Class I hot 
spots and three of the 16 (19%) known Class II hot 
spots would have been located for an overall success 
rate of just 21% (8 of 38). Given that 40% of the 
boreholes at Site 28 contained hot spots, at the 95% 
confidence level we would expect a success rate of 
27-53%. The 21% success rate was below that which 
would be expected with a random sample. Neverthe­
less, this was much higher than the 8% overall 
success rate achieved by the contractor using nine 
borings (four actual borings plus five additional 
proposed borings).
Relationship of Sample Size and 
Hot Spot Detection
The majority of the detections at both sites 
occurred in the fill material (F layer). A comparison 
of pesticide detections from ground surface samples 
(F layer and Si layer samples [where no fill occurs!) 
was performed using a non-parametric two-way 
analysis of variance and a contingency table ap­
proach. Both tests found significant differences in the 
number of detections between the two groups of 
samples at both sites. At Site 23, fill material occurred 
at 45 (52%) of the 86 borings that contained detec­
tions of alachlor, atrazine, or metolachlor. All 45 of 
the fill samples were contaminated when compared 
to the IEPA soil baseline cleanup objectives, but only 
16 (36%) exceeded ARE objectives. Furthermore, 11 
Si-layer, 6 S2-layer, and 16 S3-layer samples of the 45 
exceeded IEPA soil baseline cleanup objectives, but 
only one Si-layer, one S2-layer, and three S3-layer 
samples exceeded 1000 pig/kg. Of the 41 borings that 
were located in areas where no fill occurred, 33 (80%) 
of the surface samples were contaminated, when 
compared to the IEPA soil baseline cleanup objec­
tives, but only two (5%) exceeded 1000 pig/kg. Six 
(15%) S2-layer and seven (17%) S3-layer samples 
exceeded IEPA soil baseline cleanup objectives, but 
none of the S2-layer and only one (2%) S3-layer 
sample exceeded 1000 pig/kg. Together, these results 
suggest that pesticide contamination at Site 23 has 
greater horizontal than vertical extent and that the 
contamination is primarily near the surface.
Site 28 exhibited similar patterns with 42 of 46 
(91%) fill samples exceeding IEPA soil baseline 
cleanup objectives with 33 (72%) also exceeding ARE 
criteria. A total of 30 Si-, S2-, and S3-layer samples 
from fill sites exceeded IEPA soil baseline cleanup 
objectives, but only four exceeded 1000 pg/kg. Of the 
47 non-fill borings, 31 (66%) of the surface (Si-layer)
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samples were greater than IEPA soil baseline cleanup 
objectives, but only four (8.5%) exceeded 1000 pg/kg. 
Thirteen (28%) S2-layer samples and one (2%) S3-layer 
sample exceeded IEPA soil baseline cleanup objec­
tives, but only two S2-layer samples (4%) and none of 
the S3-layer samples exceeded 1000 pg/kg. These 
data, similar to those from Site 23, strongly suggested 
that the vertical extent of pesticide contamination is 
quite variable and could be very difficult to accu­
rately define without extensive subsurface sampling. 
Less than 3% of the Si-, S2-, and S3-layer samples at 
either site occurred as singular detections for any of 
the three pesticides. That is, when a detect for one or 
more of the three pesticides occurred at depth, there 
was generally another detection at a shallower depth. 
This suggests that effective phase 1 sampling of the 
surface layers can potentially locate significant areas 
of contamination and that during the subsequent 
phase 2 sampling, areas of contamination at depth 
will be detected.
Spearman Rank correlation (rs) and Kendall tau 
(x) correlation coefficients were calculated to test the 
relationship between the concentrations of the 
compounds and their presence or absence in a 
sample for four groupings—surface samples (fill plus 
the Si samples where no fill occurred); fill samples 
only; Si layer (no fill) samples only; and by boring 
only. At both sites, significant correlations (rs and 
t>0.7, p=0.0001) exist between alachlor, atrazine, 
cyanazine, metolachlor, pendimethalin, and triflura- 
lin. Weaker relationships (0.5<rs<0.7, p=0.0001) 
existed for chlorpyrifos, desisopropyl atrazine, 
metribuzin DA, and simazine. The strongest relation­
ships occurred between these compounds in the fill 
(F layer) samples, while the weakest (and fewest) 
relationships occurred when only the Si layer 
samples were analyzed. The fewer number of 
detections and the lower concentrations in the Si 
layer were probably responsible for this difference. 
The probability of detecting an individual compound 
in a surface Si layer sample was considerably lower 
than that in an F-layer sample and was more likely to 
be at a lower concentration than that in an F-layer 
sample. Overall, both sites show significant relation­
ships between the presence/absence of these pesti­
cides in specific samples and their concentrations. 
This suggested that certain compounds may be 
useful as predictors of the presence of other pesti­
cides at specific depths and, possibly, even their 
concentration, in a categorical sense. These relation­
ships may be very sensitive to sample size because 
these relationships do not appear to be as strong in 
the 4-borehole data (Krapac et al. 1993). Additional 
analyses are needed to further clarify and define 
these relationships.
Estimating Volume of Contaminated Soil
An estimate of the volume of material that would 
require remediation can be made by making two 
assumptions. First, the area of the contaminated soil 
around the grid boring is equal to the area of one 
grid cell (12.64 m x 12.64 m) and second, that the 
depth to which the soil must be excavated extends to 
the deepest layer that has a minimum concentration 
of 1,000 pg/kg (ARE) for at least one of the three 
compounds (alachlor, atrazine, metolachlor).
At Site 23,19 boreholes had detections for one or 
more pesticides at concentrations exceeding ARE and 
38 exceeded ARE at Site 28. Table 1 compares the 
total estimated volumes for the two sites, as deter­
mined from the 100-boring (2-Site) and 4-boring (50- 
Site) studies. Even using the less stringent cleanup 
objective (ARE) and only three pesticides, the vol­
umes estimated from the 100-boring project exceed 
those estimated from the 4-boring project by a factor 
of 19 for Site 23 and by a factor of 43 for Site 28. The 
significantly larger volumes can be attributed to the 
larger areas identified as contaminated using the 100- 
boring data. The contaminated areas around each of 
the boreholes in the 4-boring project were not as 
precisely defined because they were estimated using 
field observations and assumptions regarding the 
size of the operational area in question. These results 
clearly illustrate the problem facing consultants in 
evaluating the distribution of contamination at a site.
An estimate of the volume of soil exceeding the 
more stringent IEPA soil baseline cleanup objectives 
was not made, but the volume would probably 
exceed that based on the ARE volumes by a factor of 
20 to 50, because virtually the entire surface area of 
each site exceeds these criteria.
Summary and Conclusions
Data from a systematic sampling of approxi­
mately 100 boreholes (2-Site Study) were used as the 
basis for evaluating the success of the phase 1 envi­
ronmental audit (4-boring [50-Site Study]) in locating
Table 1. Comparison of estimated volumes (ft3) 
of pesticide-contaminated soil at Sites 
2 3 and 28, based on the 2-Site and the 
50-Site Studies
ARE IEPA
2-Site 50-Site 50-Site
Site 23 124,890 6450 24,766
Site 28 109,699 2552 4104
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significant areas of contamination at two facilities. 
Two levels of soil cleanup objectives (IEPA and ARE 
or 1000 pg/kg) were used to assess the extent of 
contamination by pesticides.
The large number of hot spots detected by 
analyzing soil samples from the 100 boreholes at each 
of the two facilities suggested that at least 15 to 25 
surface (F-layer [or Si-layer where no fill exists]) 
samples may be necessary to adequately locate the 
majority of the surface hot spots, assuming that Sites 
23 and 28 are reasonably representative of other 
agrichemical facilities in Illinois. Traditional areas for 
sampling, such as loading, mixing, washing, and 
storage areas, were found to contain high concentra­
tions of pesticides, especially in the upper 50 cm. 
Similar patterns of contamination were found at all 
facilities in the 50-Site Study (Krapac et al. 1993). 
However, areas away from these traditional sites 
were also found to be contaminated, occasionally at 
very high concentrations. A stratified random 
sampling strategy should also include samples from 
these non-traditional areas.
Data from the detailed grid sampling at Sites 23 
and 28 revealed considerable horizontal and vertical 
variation in the concentrations of many pesticides. 
This suggested that any individual sample is unlikely 
to be representative of a very large area, or for a 
significant depth interval. That is, a single sample 
will most likely represent only a small volume of soil. 
Single samples collected at loading/mixing areas, 
wash areas, and other areas where spills may have 
occurred will, at best, only serve as indicators that 
pesticide contamination occurs in that area. Many 
additional samples from the same functional area 
(e.g., loading area) are needed to adequately assess 
the extent and degree of contamination.
The 4-core approach (one sample from each of 
four different depths, at four different locations) is 
not adequate to assess the horizontal or vertical 
distribution of pesticides, and the volume estimates 
calculated using these data (Roy et al. 1993) are 
probably very low.
A stratified random sampling strategy should be 
employed in which a greater number of samples are 
collected in areas where high concentrations are 
anticipated. Only about 45% of the borehole locations 
at Sites 23 and 28 were covered by gravel/sand fill, 
and yet the majority of the pesticide detections 
occurred in this layer. The fill material is subject to 
considerable alteration by normal facility operations 
which contribute to its variability in thickness and 
potential to modify pesticide mobility by restricting 
horizontal and vertical drainage. A statistically 
significant difference occurs for the number of 
detections and the concentrations between the fill
and non-fill areas at Sites 23 and 28. Therefore, a 
greater proportion of the samples should be collected 
from areas with gravel /sand fill.
Because the majority of the detections occurred 
within 50 cm of land surface, it appears to be more 
cost-effective to increase the number of surface and 
shallow samples in order to more clearly define the 
horizontal extent of contamination and the area in 
need of additional sampling. Selected deeper 
samples should then be taken from these areas. We 
recommend that available field assay tests for 
selected pesticides be used to help determine the 
depth of remediation. The high cost of subsurface 
sampling by coring could, in part, be transferred to 
shallower sampling to better define the horizontal 
extent of the contamination.
It is unlikely that fewer than 10 samples will be 
adequate to evaluate the pesticide contamination at a 
facility. No specific number of samples is appropriate 
for all facilities because local site conditions and 
pesticide handling practices can affect the sampling 
strategy. Based on the available data, we recommend 
the use of a strategy employing at least 15 to 25 
samples from surface and shallow depths, with an 
emphasis on areas with fill to provide the best 
opportunity of locating hot spots. A small grid 
should be established over each functional area (e.g., 
loading, washing, etc.) and sample points should be 
randomly selected. Collecting one sample from the 
middle of an area designated as a loading or washing 
area will not ensure that the most contaminated 
point has been sampled. We found no evidence that 
one sample is adequate for estimating the area and/ 
or volume of soil in need of remediation. Some 
consultants may be proficient in delineating func­
tional areas, but extrapolating data horizontally and 
vertically from a single sample is not statistically 
defensible, based upon the results from the 2-Site 
Study.
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Site 23
2 3 4 5 6
®S Liquid Fertilizer and Pesticide Tank 
B  Loading, Mixing, and Washing Area 
HI Grassed Area - Occasional Equipment Parking 
®  Equipment Storage and Parking 
^  B1 - Boring Location 
★  P3 - Proposed Boring Location
Figure 1. Location of functional areas at Site 23. Contractor's borings and proposed borings 
are not located on the grid utilized for the 2-Site Study
10 meters
Site 28
HI Liquid Fertilizer and Pesticide Tank 
□  Loading, Mixing, and Washing Area 
D  Grassed Area - Occasional Equipment Parking 
H  Equipment Storage and Parking 
^  B1 - Boring Location 
★  P3 - Proposed Boring Location
i---------- 1
10 meters
3
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Figure 2. Location of functional areas at Site 28. Contractor's borings and proposed borings 
are not located on the grid utilized for the 2-Site Study
2 3 4 5 6 Site 23
Figure 3. Total number of detections per hole at Site 23
10 meter*
Site 28
> 30
Figure 4. Total number of detections per hole at Site 28
Figure 5. Distribution of Alachlor detections for ground surface at Site 23, classified by concentration 
includes F layer sample where fill is present and S1 layer sample where fill is not present
10 meters
177
Figure 6. Distribution of Alachlor detections for S2 layer at Site 23, classified by concentration
10 meters
Figure 7. Distribution of Alachlor detections for S3 layer at Site 23, classified by concentration
10 meters
Site 28
Concentrations in jig/kg 
>5000
Figure 8. Distribution of Alachlor detections for ground surface at Site 28, classified by concentration - 
includes F layer sample where fill is present and S1 layer sample where fill is not present
Site 28
Concentrations in fi g/kg
>5000
Figure 9. Distribution of Alachlor detections for S2 layer at Site 28, classified by concentration
Site 28
Concentrations in jlig/kg 
>5000
Figure 10. Distribution of Alachlor detections for S3 layer at Site 28, classified by concentration
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Site 28
•  Class I (1000-4999 ug/kg)
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Figure 12. Location of hot spots at Site 28
